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STUDIES OF SEWAGE PURIFICATION 


XV. EFFECTIVE BACTERIA IN PURIFICATION BY 
TRICKLING FILTERS 


By C. T. Burterrretp anp EXuste Wartie 


Principal Bacteriologist and Asst. Bacteriologist, U. S. Public ITcalth Service, 
Stream Pollution Investigations, Cincinnati, Ohio 


In studies of the activated sludge process of sewage purification, it 
was shown ' that the predominant bacteria in activated sludge belonged 
to a group represented by zoogleal-formations. Subsequently it was 
demonstrated * that these bacteria are the active agents in activated 
sludge, being capable in pure culture of producing not only activated 
sludge but also possessing the powers of oxidation and purification in- 
herent to natural activated sludge. 

In the trickling filter process of sewage purification, also biological 
in nature, the fundamental set-up of the process would suggest that the 
active agents might be the same organisms as those of activated sludge. 
That is, with both processes the success of the purification depends on 
the presence of three essential elements, (1) bacterial masses or floes, 
(2) food supply for these bacteria, i.e. polluting material, and (3) a con- 
tinuous source of oxygen. The process is also dependent upon a phys- 
ical means of keeping these three elements dispersed and continuously 
in contact with each other. In the activated sludge process the contact 
and mixing is brought about by an agitation of the sludge-sewage mix 
with compressed air which also provides a continuous source of oxygen. 
In the trickling filter the sludge mass is held dispersed on a framework 
of stones, or other material, while the sewage trickles over the surfaces 
of the sludge. The interstices of this framework provide an ample air 
reservoir and the circulation of this contained oxygen is aided, in part, 
by the flow of liquid through the system. With intermittent flow, time 
is provided for the sludge to utilize the adsorbed substances. Moreover, 
the suecessful perpetuation of both processes is dependent on the fre- 
quent or continuous removal of excess and, frequently, detrimental by- 
products. Soluble fractions of such by-products are removed with the 
effluent in both processes. Suspended matter is removed continuously 
in the activated sludge process by the withdrawal of excess sludge while 
in the trickling filter such withdrawals are accomplished by a continuous 
but moderate unloading and by a periodic sloughing off of the aceumula- 
tions on the filter stones. With both processes the removal of excess 
material is aided probably by suecessive growths of various biological 
forms. The latter factor is probably more significant in the trickling 
filter where sueh biological growths are more varied and more abundant. 
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While the two processes are fundamentally similar, it does not neces- 
sarily follow that the active bacterial agents are the same or even belong 
to the same group or genus. Consequently, it appeared desirable to 
study the bacterial flora of trickling filters, to isolate the predominant 
bacteria in a few instances, to determine the ability of these organisms 
in pure culture to carry on the trickling filter process, and if such bac- 
teria appeared to be similar to those obtained from activated sludge, to 
make a comparative pure culture study of the two types employing both 
activated sludge and trickling filter set-ups. Consideration is now 
given to the results of studies which may clarify these questions. 


OPERATION OF EXPERIMENTAL UNIT 


An experimental trickling filter, 30 in. square and 6 ft. deep, con- 
structed in three equal sections to allow for the collection of samples, 
served as an immediate source of material for this study. The filter 
was fed with settled natural sewage in standard fashion (in intermit- 
tent cycles), usually at a rate of 3 million gallons per acre per day con- 
tinuously throughout the 24-hour period. The sewage employed was 
from Third Street sewer, Cincinnati, Ohio, which carries principally ¢ 
domestic sewage from a residential section. 

From the start of the flow of sewage through this filter, frequent 
macroscopic and microscopic examinations (the latter of both wet and 
dry stained preparations) were made of composite samples of material 
scraped from the stones of the filter. Results of these examinations 
indicated a very marked similarity between the growths on the stones 
of the trickling filter and the growths of activated sludge previously 
studied and reported.’ This agreement was particularly apparent in 
the bacterial section of the biological elements involved. With regard 
to biological forms, other than bacteria, the presence of flies and fly 
larvae (which are never found in activated sludge) and of certain va- 
rieties of worms (only rarely observed in activated sludge) in the 
growths of the trickling filter have been noted. These observations 
have been confirmed repeatedly by the results of a study of the material 
on stones obtained from two municipal trickling filter plants. 


Pure Cuuture IsoLations 


As soon as this trickling filter had developed a normal purification 
rate, as measured by the reduction in the B.O.D. of the sewage passing 
through the filter an intensive bacteriological study was instituted of 
the growths which had developed on the stones. This study involved 
the isolation, in pure culture, of the predominant bacterium present in 
the growths and in some instances an attempt to determine the relative 
number of such bacteria per ml. of growth. In making these observa- 
tions, two methods were followed. With both methods a number of 
stones, with their adherent growth, were selected at random from vari- 
ous sections of the filter. After a gentle preliminary washing with 
sterile dilution water to remove extraneous and loosely attached mate- 
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rial and organisms, the adherent growths were carefully scraped from 
the stones with sterile instruments and the removed material accumu- 
lated in a sterile petri dish. From this point one of the following two 
methods were applied. 

Method No. 1—The accumulated growth was mixed thoroughly, a 
one-tenth ml. portion was withdrawn, and examined carefully under low 
power magnification. Typical massed bacterial formations, which ap- 
peared to represent the predominant type of bacteria in the mixture, 
were selected, picked with sterile capillary pipettes and carefully 
washed by passing them, with appropriate agitation, through a series 
of sterile dilution waters. When these massed formations of bacteria 
had been presumedly washed relatively free of extraneous bacteria and 
adherent material, the bacteria in the masses were dispersed by pressure 
between two sterile glass surfaces. Simultaneously, sterile dilution 
water was added and a fairly thorough separation of the clumped bac- 
teria was obtained. The organisms, thus dispersed, were planted in 
serial dilution in tubes of broth and synthetic sewage. The tubes were 
incubated at 20° C. and examinations were made at 24-hour intervals for 
96 hours. Usually growth occurred in all dilutions up to and including 
the 0.00001 dilution and all growths above the 0.01 dilution appeared to 
be pure and of the same type of organism. Isolations made from the 
highest dilutions were subjected to additional purification and held for 
further study. 

Method No. 2.*—The accumulated growth, referred to above, was 
mixed thoroughly and a one ml. or larger portion was removed and 
placed in a one-ounce sterile ground-glass stoppered bottle with glass 
beads. Sterile dilution water was then added to make 10 ml. and the 
mixture shaken at full speed in the shaking machine for 10 minutes. 
Immediately afterward the now finely divided mixture was diluted fur- 
ther and planted in serial dilution in tubes of broth or synthetic sewage. 
Tubes thus inoculated were incubated at 20° C. for 96 hours. Growth 
usually occurred in all dilutions up to the 0.00001 or 0.000001 dilution 
and judging from microscopic observations all growths from tubes 
above the 0.01 to the 0.001 dilution contained pure cultures. To insure 
the purity of these cultures transfers were made from the highest dilu- 
tions showing growth. After these transfers had been incubated for 
6-8 hours (7.e. after some growth had occurred but before sufficient 

* Method No. 1 outlined above was the procedure followed in the original work with 
activated sludge as reported in reference (1). Shortly after this article appeared a fair and 
just criticism was voiced to the effect that this method of selection of the portion of sludge 
for examination introduced a personal equation in the selection which might materialy affect 
the result. That is, a mass might be selected which did not represent the predominant or- 
ganism in the mixture. However, this presumption does not appear probable when it is con- 
sidered that the worker responsible for the selection had been making daily intensive micro- 
scopical study of the material over a period of several months. A study of means of dispersing 
bacteria massed in the gross mixture, which may be reported later, resulted in the development 
of Method No. 2. It should be noted here that since then, the work reported in reference (1) 
has been repeated employing Method No. 2 without any variation in the type of organism 
isolated as the predominant bacterium in activated sludge. This Method No. 2 is not pre- 
sented as a perfect procedure as it has many inherent errors. However, it does avoid some of 


the errors of procedure No. 1, and the fact that the same type of bacterium is obtained by 
both methods goes far toward establishing the results presented. 
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growth had taken place to produce any crowding or clumping of cells), 
they were planted out in serial dilution on dilute nutrient agar plates. 
(While these organisms do not grow well on standard nutrient agar 
they will produce colonies of about 1.0 mm. diameter after incubation 
for 4 to 6 days at 20° C. on dilute (1-3) nutrient agar.) Selecting plates 
which contained not more than 20 to 30 colonies per plate, transfers 
were made from typical colonies. This process of short-time incuba- 
tion in liquid media followed by planting on solid media was repeated 
two or three times for each isolation. Colonial appearance, microscopic 
examination of stained smears and additional chemical tests have indi- 
cated the purity of the cultures thus obtained. Such cultures were held 
for further study. 

Four such cultures of the presumedly predominant bacteria in the 
growths on the stones of the experimental trickling filter have been 
isolated and subjected to study. In addition, cultures have been iso- 
lated from two municipal sewage trickling filter plants. 

These four isolations from the experimental filter were made from 
samples collected at various periods during the year as follows: (1) one 
in Mareh when temperatures were near freezing and the filter was over- 
loaded, (2) two in June when the temperature was about the average 
for the year and the filter was being fed at a normal rate of about 3 
million gallons per acre per day, and (3) one in August when the highest 
temperatures of the year prevailed and the flow of sewage to the filter 
was at a normal rate. The average purification efficiency of the filter 
for each month in which these cultures were isolated, expressed in terms 
of the percentage of the 5-day B.O.D. removed, was for (1) 50.4 per cent, 
for (2) 92.8 per cent, and for (3) 93.9 per cent. 

The results obtained while these cultures were being isolated show 
that these bacteria are present in the filter growth at least to the extent 
of 300,000,000 per ml. of growth. This figure is cited as representing a 
minimum number for it is not reasonable to presume that an accurate 
enumeration was obtained. As it was not possible to make direct counts 
of the bacteria present in such a mass, recourse was had to procedures 
which would disperse the bacteria so that plate counts or most probable 
number estimations based on growth in serial dilutions could be made. 
To make an accurate enumeration by such a procedure, two assumptions 
must be made: (1) that all clumps or masses of bacteria were com- 
pletely broken up, and (2) that no cells were killed, or injured sufficiently 
to prevent growth, by the dispersion procedure. While the latter as- 
sumption cannot be tested, microscopic examination of the treated 
sample showed definitely that the dispersion of the massed organisms 
was not complete. Consequently, it is known that the 300 million count 
given is a low figure and does not represent the maximum number of 
this type of bacterial cells. In this connection, it is noted that pure cul- 
ture trickling filter growths free from detritus or any other material 
(which will be discussed presently) vielded a count of 880,000,000 bac- 
teria per. ml. of accumulated growth. The accuracy of this count is sub- 
ject to the same two assumptions. 
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CoNSsTRUCTION AND OPERATION OF Pure Cunttrure FILTer 


The development of apparatus to explore the ability of these bac- 
teria, under pure culture conditions, to reproduce the trickling filter 
process of sewage purification required considerable time and was ac- 
companied by numerous failures before a fair measure of success was 
attained. The apparatus employed in the studies here reported is 
shown diagrammatically in Fig. 1. As the assembled set-up was too 
large to be sterilized intact, provision was made for a division into see- 
tions for sterilization. These sections, Unit A, stock supply of sterile 
synthetic sewage ; Unit B, equalizing reservoir for maintaining approxi- 
mately a constant pressure on the feed line; Unit C, trickling filter with 
provision for inflow and outflow of liquid, and Unit D, control device for 
intermittent flow, are indicated in the figure. Units A, B and C were 
sterilized by autoclaving with their tubes for subsequent intercon- 
nections adequately protected from contamination by cotton packing. 
Unit D, which did not come in direct contact with the filter or feed ma- 
terial, was not subjected to sterilization. 

As far as is known this is the first time that an effort has been made 
to operate a trickling filter under pure culture conditions. Conse- 
quently, a detailed description of the various parts of the apparatus 
and their function may be of interest. Referring to the designations 
as given in Fig. 1, the component parts of the set-up may be described 
as follows: (a) five-gallon pyrex carboy, (b) sixteen liters of sterile 
synthetic sewage (for composition, ete., see Reference 2), (c) metal 
collar and clamp arranged to hold rubber stopper with its glass tube 
outlet firmly in place, (d) at this and other points, cotton packing so 
placed as to prevent the entrance of extraneous bacteria, molds, ete., 
(/') filters of 6 to 12 in. of loosely packed cotton in all air lines, (e) 
screw clamp on rubber hose connection (this clamp was left open dur- 
ing sterilization to allow free exchange of air and steam when carboy 
was upright, but was closed during the assembling of the apparatus 
until the time of sampling the synthetic sewage, the connecting of it to 
Unit B and the starting of the flow through the system, (f) pyrex glass 
tube constant level siphon (this tube must have its lower end beveled to 
facilitate the flow of air to (a) when the level of the sewage in (g) drops 
and sewage begins to flow into (qg), (g) this is a 500 ml. pyrex bottle 
with side delivery outlet at the bottom, fitted with a two-holed rubber 
stopper, one hole for inlet sewage tube, the other hole for filtered air in- 
take as sewage is discharged, (h) metal serew clamp on rubber tubing, 
(/) to regulate the rate of flow of synthetic sewage, (7) pyrex glass tube 
with constricted tip to aid in regulation of flow, (4) pyrex glass cylinder 
30 in. long and 2 in. in diameter. (The overall length of tube (/) was 
limited to 30 in., providing for a filter depth of about one-third that of 
a normal trickling filter, because no greater lengths could be placed in 
the autoclave and sterilized. For pure culture set-ups such sterilization 
was essential), (7) gravel of 44 to % in. diameter which filled tube (/) 
to a depth of 22 in., (mm) tight-fitting rubber stopper forced entirely into 
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Fig. 1.—Diagrammatic sketch of pure culture trickling filter set-up. 
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lower end of (k), (7) effluent tube extending through (m) with lower end 
beveled to aid flow and air-liquid interchange, (0) large glass tube used 
as a shield for (7), the annular ring of rubber in the rubber stopper be- 
tween (7) and (0) was left in place to aid in holding tube (0) firm and 
rigid, (p) an electromagnet which when activated closes on tube (7) col- 
lapsing it and stopping the flow of sewage, (q) a 2.0 volt cell connected 
to electromagnet through a make and break circuit, (7) commutator 
wheel provided with ten equally spaced contact segments fastened on 
the extended axis of the hour hand shaft of a clock, thus providing in 
each one-hour period 10 three-minute periods in which sewage was 
distributed to the filter at the established rate and 10 three-minute 
periods in which no sewage flow occurred, variations in the flow and rest 
periods of the filter may be provided by varying the number and size of 
contact segments on this commutator (7), (s) the clock which motivated 
the commutator (7), and (ft) a sliding contact for the segments ef (7) in 
the cireuit of the two volt cell. 
Meruops oF DeveLopinc GrowTH 

In the development of appropriate growths on this experimental 
trickling filter two methods were tried for the initial seeding of the 
stones. In method No. 1 a small amount, 10 ml. of a broth culture of the 
organism under trial, was dropped slowly onto the top stones of the 
filter and allowed to trickle through. The filter then stood from one to 
two hours before the flow of sterile synthetic sewage was started. This 
interval permitted the added bacteria to become somewhat more firmly 
attached to the stones. Initial flow of sewage for the first day or two 
was always carried on at a slow rate of less than 1.0 million gallons per 
acre per day. Such low flows provided ample food for the small num- 
bers of bacteria present and did not produce any violent washing action 
to carry away bacterial inoculation before growth had become estab- 
lished. With this method one week was required to obtain a satisfac- 
tory growth throughout the filter and two weeks were required for the 
filter to reach maximum efficiency. 

With seeding method No. 2 eight liters of sterile synthetic sewage 
were inoculated with the test organism and aerated at 20° C. for 48 to 
96 hours.. Under such conditions a heavy, flocculent growth of these 
bacteria would develop. These 8-liters of growth were passed slowly 
through the gravel of the experimental trickling filter by means of a 
sterile siphon, while the filter drainage was carefully regulated by 
valves. By watching the location of the accumulation of growth added 
in this manner and making appropriate variations in the rate of flow, 
a very even distribution of the bacterial masses throughout the filter 
could be obtained. With this procedure the seeded filter was also al- 
lowed to stand for an hour or two after seeding before the initial slow 
flow of sewage was started. Using method No. 2, as much growth could 
be obtained in one day on the filter as in a week with method No. 1. 
Moreover, with method No. 2 maximum efficiencies would be obtained in 
aweek. <A photograph of a portion of this experimental filter with and 
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without a fully developed growth of these bacteria in pure culture on the 
gravel of the filter is shown in Fig. 2. It is noted that the stones and 
adjoining sections of the retaining walls are covered heavily with 
growth. This growth is spongy and contains large amounts of mois- 
ture. Microscopic examinations indicated that it was composed en- 
tirely of bacterial cells. As observed above, this growth mass yielded 
a minimum bacterial count of 880 million per ml. of moist growth mass. 


Fig. 2.—Photograph of sections of pure culture trickling filter. 4. Unsceded sterile filter. 
Bb. Filter seven days after seeding. 


Testinc Procepures 


The extent of purification of the synthetic sewage accomplished as it 
passed through these pure culture trickling filters was measured by 
comparing the 5-day B.O.D. of the influent with the corresponding 5-day 
B.O.D. of the filter effluent. These determinations were made in ac- 
cordance with the Standard procedure. Samples of influent and efflu- 
ent were put up for this determination in appropriate dilution and 
seeded. The seed used (one ml. per liter of dilution) in each ease eon- 
sisted of settled domestic sewage after aeration for 24-hours at room 
temperature. 

Rates of flow of the synthetic sewage through these pure culture 
filters were varied from less than 0.5 to 6.0 or more million gallons per 
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acre per day. In the zone of 1.0 to 3.0 million gallons per acre per day 
tests made were repeated with greater frequency. These repetitions 
were made at various times during the life of the filter to provide ob- 
servations on any variations in growth or in the condition of the filter 
as it aged. In all eases when a change in rate of flow was made, the 
filter was allowed to run at the new rate for a period, at least over night, 
to allow for an adjustment to the new conditions of flow before a test 
was made. 
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Results obtained in this manner by pure culture trickling filters de- 
veloped (1) by Culture 87 isolated as the predominant organism in the 
erowth mass on the stones of a trickling filter fed with natural sewage, 
and (2) by Culture 86, a typical zoogleal bacterium, isolated as the 
predominant organism in activated sludge, are presented in Table I. 


The same results are shown graphically in Fig. 3. 








Tape I.—Relative Purification Produced by Pure Culture Trickling Filter Growths Developed 
in an Experimental Trickling Filter 





By A: Culture 86, a predominant bacterium in activated sludge, and 
By B: Culture 87, a predominant bacterium in trickling filters. 









Range of 













. With Culture 86 





B, With Culture 87 


Flow in No. of Percentage No. of Percentage 
M.G.A.D. Avg. Flow Tests of 5-day Avg. Flow Tests of 5-day 
for Period Included B.O.D. for Period Included B.O.D. 
in Avg. Removed in Avg. Removed 
0.0 to 0.49.... 0.34 ] yo 0.39 1 78.6 
0.5 to 0.99... 0.92 3 52.1 0.75 °D 62.7 
10 to 1.49. ... 1.21 10 57.1 1.22 D 50.0 
1.5 to 1.99... 1.80 10 19.1 1.78 3 39.8 
2.0 to 2.49... 2.22 10 43.1 2.25 5 40.5 
2.9 to 2.99..... 2.68 8 358.6 2.73 6 39.6 
3.0 to 3.49.... 3.17 ) 32.6 3.28 2 29.8 
3.5 to 3.99..... 3.70 I 22.7 3.78 1 31.0 
EO to: 4:99)... 1.51 3 23.2 1.51 2 24.5 
3.0 to 5.99... .. 5.37 l 14.2 5.00 l 29.2 
6.0 to 6.99..... 6.26 1 16.0 6.07 1 27.6 
TOW P08 8o 7.46 1 21.2 




















Three observations may be made regarding the results presented. 
First, a marked purification of the synthetic sewage occurs as it passes 
through the filter. Second, there is a definite correlation between the 
rate of flow and the extent of purification. And third, the purification 
accomplished by the two pure culture systems is quite similar. That is, 
judging from the results obtained, these two organisms, one predomi- 
nant in trickling filters, the other in activated sludge, may be used inter- 
changeably in pure culture trickling filters without apparent variation 
in purification efficiency. Certain conditions affecting these observa- 
tious will be considered. 
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With regard to the overall purification accomplished by these pure 
culture trickling filter systems, it was planned at the start of the work 
to make direct comparison of the results obtained with those observed 
in plant size units operated under natural conditions with all the flora 
and fauna of domestic sewage. The requirements for a pure culture 
set-up established limits which prevented such a direct comparison. 
For instance, as noted above, the depth of gravel in the pure culture 
filter was limited to 22 in. by the sterilization facilities, while the depth 
of stone in a normal filter is about 60 to 72 in. Correspondingly, the 
time of flow through the stones of the pure culture filter was less than 
one minute (about 55 seconds) while flow through a normal filter re- 
quires 3 to 4 minutes. 

Consequently, the extent of purification in a similar filter fed with 
raw domestic sewage containing all of its normal flora and fauna was 
determined. In each case the purification with the pure cultures ap- 
proached that observed with a similar filter containing the normal flora 
and fauna. 

While definite evidence is not available to show that the extent of 
purification in a trickling filter varies directly with the depth of the 
filter or with the time the sewage is in contact with the growth on the 
filters, presumptive evidence suggests that this is the case. Therefore, 
the purification accomplished by the filter of 60 to 72 in. depth might be 
assumed to be about three times as great as that observed with a 22 in. 
filter. That is, on this basis, the purification of about 33 per cent ob- 
served with the 22 in. filter at a flow of 3 million gallons per acre per day 
would be expected to be 90 to 100 per cent with a filter of normal depth. 
Or considered from another angle, the 22 in. filter flowing at a rate of 
one million gallons per acre per day might be expected to accomplish 
the purification of a normal depth filter flowing at a rate of three million 
gallons per acre per day. On the latter basis, the percentage of the 
5-day B.O.D. removed would be in the range of 50 to 60 per cent. With 
such allowances the degree of purification accomplished by these pure 
culture filters would be of almost the same order of magnitude as ob- 
served in a normal filter. Thus the purification accomplished by the 
pure culture trickling filters developed by the predominant bacteria 
isolated from a natural activated sludge equalled that accomplished by 
a similar trickling filter developed by the predominant bacterium in a 
trickling filter. 

Pure Cuuture Trickuine Fitter Oprratep As Contact FILTer 

At the conclusion of each run when the pure culture filter was op- 
erated as a trickling filter, it was operated for a time as a contact filter 
to compare the purification brought about by these two methods. To 
carry out this procedure the outlet (1) of the filter (see Fig. 1), was 
closed by attaching a short piece of sterile rubber tubing with a clamp. 
The filter was then slowly filled to the top level of the stones and allowed 
to stand thus for one hour. The effluent was then slowly drained off 
and the filter allowed to rest for at least three hours before the test was 
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repeated. The degree of purification was determined by comparing the 
5-day B.O.D. of the influent with the corresponding B.O.D. of the efthi- 
ent. This test as a contact filter was repeated seven times using syn- 
thetic sewage, eleven times with sterilized natural sewage, and five times 
with raw natural sewage. The latter tests were conducted on the same 
day at the end of the run so that the additional inoculum introduced with 
the raw sewage would not have time to develop sufficiently to affect the 
results materially. The averages of the results obtained from these 
runs as a contact filter are given in Table IT. 
TaBLeE IT.—Pure Culture Trickling Filter (Culture 86, Table 1) Operated as a 
Contact Filter with Various Feeds 
Per Cent of Purifieation 
Nature of Number of Average Contact us Measured by 5-day 


Influent Tests Period B.O.D. of Influent 
and Effluent 


Synthetic Sewage....... 7 i hr: 


28.2 
Sterilized Natural Sewage. ... 11 1 hr. 51.3 
Raw Natural Sewage..... . 5 1 hr. 61.1 





The amount of sewage required to fill this unit as a contact filter was 
a quantity which would provide an hour’s flow at a rate of about 3.35 
million gallons per acre per day. Consequently, as the sewage was held 
in contact for one hour the extent of purification may be compared with 
the trickling filter results when operated at 3.35 million gallon rate. 
This rate of operation as a trickling filter (see Fig. 3) had given an 
average reduction of the 5-day B.O.D. of about 30 per cent. The puri- 
fication accomplished by the contact process, with synthetic sewage in 
which all components are in solution, is approximately the same as the 
average obtained by the sprinkling procedure. However, the purifica- 
tion accomplished by this process with sterilized natural sewage and 
with raw sewage is considerably greater than with synthetic sewage. 
This may be explained by assuming for the contact method a 100 per 
cent wetting of all of the active biological surfaces while with the 
sprinkling method some of the surfaces may escape such contact. The 
more reasonable explanation is, that with natural sewage, sterilized or 
raw, a considerable portion of the 5-day B.O.D. is contained in colloidal 
and suspended matter. This fraction would be removed effectively by 
the filter, while in synthetic sewage no such suspended solids were pres- 
ent. It was not possible to make these observations satisfactorily with 
natural sewage on the pure culture trickling filter as the particles pres- 
ent in the sewage interfered with the establishment of a continuously 
uniform flow at the low rates required. 

Resutts with Purr Cuuture Activatep SLUDGE 

Using the same pure cultures, No. 87 isolated from a trickling filter, 
No. 86 isolated from activated sludge, and a new culture, No. 103, iso- 
lated from a trickling filter, pure culture activated sludges were de- 
veloped and their overall purification efficiency using synthetic sewage 
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Tasee IIL.—Overall Purification by Pure Culture Activated Sludges Developed by 
Bacteria Isolated from Various Purification Systems 


| | 





| | Per Cent of 5-day B.O.D. Removed 


| 
ae | Amount of | No. of | after Aeration of: 
Desig- | Cultures Used Souree of Culture | Sludge in | Tests | 4 keke 5s ales 
pase” | P.P.M. | Made | ae l ‘ 
| | he. ot iG | 5 hrs. 24 hrs. 
| x veal? 2 ee | cof a - | 256 are Raa): 
| 
A | 86 Activated | 877 | s | oe | 52.0 | 62.2 | 61.0 
Sludge | | 
b S7 and 108 Trickling 760 4 13.4 66.7 75.8 | 80.3 
| Filter 
| | 
(' | 1,4 and9 | Activated | 1793 | 5 | "See" | -FRa 82.1 | 88.8 
| | | | | 
| Sludge | | | 
AV RT AMER OVA APRN: Ca. 's yrs Siac alan eta Male a seeene 34.8 | 65.0 | 72.2 | 74.9 





was determined by the methods described in reference (1). The re- 
sults obtained from these tests are presented in Table TTT. 

For purposes of comparison, the average results from a previous 
similar study? with activated sludge bacteria, zoogleal cultures Nos. 1, 
4 and 9, are ineluded in this table. This gives an opportunity to com- 
pare the results obtained with the older pure culture sludges (with a 
much heavier growth, 1793 p.p.m. vs. 877 p.p.m. of suspended solids), 
with the newer sludge developed with Culture 86. 

The amount of purification accomplished by the pure culture acti- 
vated sludges produced by Cultures 87 and 103, isolated as the pre- 
dominant organisms of trickling filters, exceeds that accomplished by 
the activated sludge produced by Culture 86, isolated from activated 
sludge, but does not equal the earlier results obtained with activated 
sludge Cultures Nos. 1,4 and 9. It must be noted, however, that these 
previous sludges were developed until they contained a much larger 
number of bacteria as measured by the amount of sludge produced. 
The average overall purification accomplished by pure culture sludges 
produced by activated sludge bacteria Cultures 1, 4, 9 and 86 (that is, 
the average of A and C as given in Table III) approximately equals that 
accomplished by the activated sludges produced by trickling filter bac- 
teria, Cultures 87 and 108. Thus it is observed that the predominant 
bacteria of a trickling filter can produce a pure culture activated sludge 
which funetions at least as effectively as a similar sludge produced by 
the normal activated sludge bacteria. 


ResuLtts with Bactrerta-Onuiy, Trickting Fitters anp ActTIvaTED 
Stupees DeveLopep BY SEVERAL STRAINS OF 
ZOOGLEAL BaAcTERIA 
Detailed studies of the characteristics of the zoogleal bacteria iso- 
lated from activated sludges and from trickling filters, which may be 
presented in a future paper, have yielded interesting information. For 
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instance, the various strains were identical, with regard to certain major 
They were all aerobic, gram-negative rods, producing 
capsules, not forming chains, forming zoogleal floes or huge colonies in 
liquid media under aeration, and failing to ferment the ordinary sugars 
with gas production. 
such as the digestion of casein, the production of indol, and the utiliza- 
tion of nitrates. 

These differences in activity suggest that while the extent of purifi-. 
cation produced by sludges developed by these bacteria, each in pure cul- 
ture, was approximately the same, the substances utilized by the various 
sludges may have varied in quality if not in quantity. This suggests 
further that a bacteria-only activated sludge or trickling filter produced 
by the combined growths of several of these strains of bacteria would 
bring about a more complete purification. If these bacteria were the 
active agents, this purification would approach more uniformly, even 
with a feed whose constituents varied, the purification produced by a 
normal trickling filter, or activated sludge. 

Accordingly, an experiment was carried out to determine the purifi- 
cation accomplished by a bacteria-only growth in a trickling filter and in 
activated sludge when the bacteria involved were a mixture of pure 
strains of zoogleal organisms. Nine pure culture strains were selected 
for this purpose; Cultures Nos. 53, 83, 85, 86 and 88 which had been 
isolated from activated sludges, and Cultures Nos. 87, 100, 102 and 103, 
which had been obtained from the growths on the stones of trickling 
filters. In producing such growths each of nine flasks containing 100 
ml. of broth was inoculated with one of these strains in pure culture. 
They were held at 20° C. for 48 hours. By this time all nine flasks had 
developed a heavy flocculent growth. The entire contents of each of 
the nine flasks were then introduced into an aeration bottle containing 
eight liters of synthetic sewage, and aeration was started with storage 
at 20° C. While it was not possible to follow the relative growth of 
each of the nine strains present in the aeration bottle, it was felt that 
the massive initial inoculation employed would give each strain an ex- 
cellent opportunity to be well represented in the final growth subjected 
to test. Sludges produced in this manner will be referred to as ‘‘mixed 


They differed in certain minor characteristics 


The 8-liter portion of synthetic sewage, thus inoculated and incu- 
bated at 20° C. under aeration, was fed daily with fresh synthetic sew- 
age by the fill-and-draw method. That is, once daily, aeration was 
stopped, the bacterial sludge was allowed to settle for 30 minutes, five 
liters of clear supernatant were removed under aseptic conditions with 
a sterile siphon, five liters of sterile synthetic sewage were added, and 
aeration was resumed. 
sterile solutions to keep the hydrogen-ion concentration in the range of 
pH 6.6 to 7.4. 
had developed to the extent of about 1500 p.p.m. in terms of suspended 
solids (dry weight at 105° C.) the eight liters were thoroughly mixed 
and divided into two equal portions. 


When necessary, adjustments were made with 


period of about 30 days, when bacterial sludge 


The sludge of one portion was 
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transferred at once to a sterile trickling filter set-up, using method No. 2 
above, for observations on its efficiency in purifying synthetic sewage 
under these conditions. (For results see Table IV, Experiment 1—X.) 
Tests were made on the purification accomplished with various rates of 
flow during the next seven days. The other portion of this ‘‘mixed 
pure culture’’ activated sludge was continuously maintained as an acti- 
vated sludge with daily feedings as described above. Tests were made 
of its purification efficiency, as an activated sludge, on the first (Experi- 
ment 1-A), third (Experiment 1-B) and seventh (Experiment 1-C) 
day of feeding from the time the portion was withdrawn to start the 
trickling filter set-up. (See Table V for results.) 

After the sludge of 1—X had been in service for thirteen days as a 
trickling filter sludge, it was completely removed from the stones with 
aseptic precautions and put on test at once as an activated sludge. The 
results from this test with this sludge, 1-X, are presented in Table V. 
It is noted that in this experiment practically none of the bacterial 
sludge was lost either as it was added to or removed from the trickling 
filter set-up. This is shown by approximately the same suspended 
solids content for portions 1—-C and 1-X. 

These observations with activated sludge and trickling filter puri- 
fication by ‘*mixed pure culture’’ growths were repeated under identi- 
eal procedures in Experiment Nos. 2—A, 2-B and 2-X. The only varia- 
tion noted in Experiment 2 is that apparently about one-third of the 
bacterial sludge was lost either in transferring the portion of sludge to, 
or removing it from, the trickling filter. This is shown by the varia- 
tion in suspended solids content; 1666 for 2-B and 904 for 2-X._ The re- 
sults obtained in these two experiments, with averages, are presented 
in Tables IV and V. 


Discussion oF RESULTS 


Considering first the findings from the trickling filter studies, it is 
noted, as has been observed in the preceding experiments with pure cul- 
ture trickling filters, that excellent results were obtained until partial or 
complete ponding of the filter occurred. Correction of this difficulty, 
by stirring the gravel in the ponded area, usually, but not always, re- 
stored normal operation after a few days. It is assumed when normal 
results were not obtained again that the ponding action had blocked off 
certain portions of the growth in the filter even though an apparently 
normal resumption of flow had occurred. Such an effect might ma- 
terially reduce the opportunity for contact between some of the bac- 
terial masses and the inflowing bacterial food and at the same time 
would have a tendency to create anaerobic areas. 

Comparing the results presented in Table I with those in Table IV, 
it is at once apparent that in the trickling filter set-up the ‘‘mixed pure 
culture’? growth was more effective than the growth of any one pure 
culture. This difference was definitely in the favor of the ‘‘mixed pure 
culture’? growth when the rate of flow was approximately three million 
gallons per acre per day. However, when the flow was near the rate of 
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one million gallons per acre per day, the increased efficiency of the 
‘mixed pure culture’’ growth was the more marked. This latter rate 
of flow as was noted above is probably about the optimum for shallow 
filters of the depth required for the production of a set-up under pure 
culture conditions. Thus the results obtained with the ‘‘mixed pure 
culture’’ growth, reaching a maximum efficiency of removing approxi- 
mately 90 per cent of the 5-day B.O.D. of the influent, approach very 
closely the conditions of a normal trickling filter. This suggests very 
definitely that these bacteria are the active agents in this purification 
process. 

The results presented in Tables III and V provide for a similar com- 
parison when the growths of these same organisms, in pure culture, and 
in ‘‘mixed pure culture,’’ are used as an activated sludge. Again it is 
observed that the ‘‘mixed pure culture’’ growth is the more effective. 
The maximum difference, about 40 per cent, is found in the averages for 
the results obtained at the one-hour aeration period. The differences 
observed at the 3, 5 and 24-hour aeration periods were considerably less 


TaBLE IV.—Purification Accomplished by a Trickling Filter Developed by the Growth 
of a Mixture of 9-Pure Cultures of Zoogleal Bacteria 

















Experiment 1-X* Experiment 2—Xt 
% of % of 
Hours| Rate of 5-day Hours | Rate of 5-day 
from Flow B.O.D. Remarks from Flow B.O.D. Remarks 
Start | M.G.A.D. Re- Start | M.G.A.D. Re- 
moval moval 
20 0.74 80.6 48 0.87 65.2 
44 1.78 78.0 72 1.47 66.6 
48 2.13 88.0 74 1.43 66.9 
68 2.88 86.6 76 1.43 66.2 
70 1.09 89.4 96 3.72 23.6 | Flow suddenly in- 
creased at sampling 
period 
72 0.93 91.2 98 1.36 27.9 
117 1.10 77.6 120 1.02 58.1 | Ponding observed at 
intervals 
119 0.68 84.2 | Rate increased as| 124 1.12 58.0 
soon as sampled 
121 4.14 44.6 144 0.88 54.5 
140 5.04 31.3 148 1.02 68.5 
142 3.41 12.8 | Ponding complete. | 168 1,12 61.4 
Filter stones 
stirred up 
164 2.89 70.2 216 1.80 28.4 | Ponding complete Fil- 
ter stones stirred up 























*See Table V for purification accomplished by aliquot portions of the same mixed bacterial 
growths under conditions of activated sludge operation. Test 1-A made at 20-hour period, 1-B 
at 68-hour period, 1-C at 164-hour period, and 1-X with sludge washed from the growth on the 
stones of this filter. 

+ See Table V for purification accomplished by aliquot portion of the same mixed bacterial 
growths under conditions of activated sludge operation. Test 2-A made at 72-hour period, 2-B 
at 168-hour period, and 2-X with sludge washed from the growth on the stones of this filter. 
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TABLE V.—Purification Accomplished by Activated Sludge * Developed by the Growth 
of a Mixture of 9-Pure Cultures of Zoogleal Bacteria 

















Percentage of 5-day B.O.D. Percentage of 5-day B.O.D. 
— Removed after Aeration for: Oxidized after Aeration for: 
Experiment No. Sludge 
P.P.M. 1 hr. 3 hrs. 5 hrs. 24 hrs. 1 hr. 3 hrs. 5 hrs, 24 hrs. 
1-Aft 1536 34.3 40.8 86.4 90.7 _— — a = 
1-B 1628 64.9 82.1 83.9 88.7 —_ —_ — —_ 
1-C 1558 53.7 77.7 81.2 81.5 38.4 62.2 67.9 84.6 
1-X 1598 57.9 84.8 79.8 81.4 23.6 43.0 52.9 63.6 
2-A — 67.7 83.5 89.2 87.3 — — = a 
2-B 1666 50.5 85.1 89.7 85.1 23.3 43.7 48.6 59.7 
2-X 904 31.2 64.3 65.4 71.0 15.5 34.7 42.5 58.5 
Avg. 1-A, 1-B, 542 | 73.8 | 86.1 | 86.7 | 308 | 529 | 582 | 722 
1-C, 2-A, 
and 2-B 
Avg. 1-X and 2-X 44.6 74.6 72.6 76.2 19.6 38.8 47.7 61.0 
































* Sludges produced by the mixed growth of nine pure cultures of zoogleal bacteria, Cultures 
No. 58, 88, 85, 86, 87, 88, 100, 102 and 103. 

+ Sludges 1—-A, 1-B, 1-C, 2—A and 2-B produced and continuously maintained under aeration as 
an activated sludge. Sludges 1—X and 2—X developed as an activated sludge for about 30 days 
as an aliquot portion of 1-A and 2-A, then at the time tests of 1-A and 2—A were made sludge 
portions 1—-X and 2-X were put on sterile trickling filters and used as a trickling filter for 13 days, 
then growth on stones of filter was washed off and tested at once as an activated sludge in 1-X 
and 2-X. 


but the ‘‘mixed pure culture’’ sludge consistently produced a higher 
percentage of B.O.D. removal. 

In the averages presented in Table V an interesting difference is 
observed between the purification produced by sludges 1—A, 1-B, 1-C, 
2-A, and 2-B (which had been produced and continuously maintained 
under aeration as an activated sludge) and the purification brought 
about by sludges 1—-X and 2—X (which while originally produced as an 
activated sludge had been in service on a trickling filter for the thirteen 
days immediately preceding these tests). With but one exception the 
sludges continuously maintained as activated sludges, produced the 
higher degree of overall purification. The one exception, the 3-hour 
period, was probably caused by one unusually high result in Experi- 
ment 1—X, at the 3-hour aeration period. This difference between the 
activity of the two diversely treated sludges was more marked when 
measured by the portion of the 5-day B.O.D. oxidized* during the 
various aeration intervals. The ‘‘mixed pure culture’’ sludge in each 

*It may be pertinent to distinguish here the differences between the terms B.O.D. removed 
and B.O.D. oxidized, which are explained in detail in reference (2). When an activated sludge 
or a trickling filter is fed with sewage the initial but continuous step in the purification process 
is adsorption followed by oxidation and by synthesis of the adsorbed material into new bac- 
terial protoplasm through growth and reproduction of cells. The B.O.D. removed is a measure 
of the overall, or total, purification produced by the combined activities of adsorption, oxida- 


tion and synthesis. The B.O.D. oxidized includes only that portion of the overall purification 
which has been produced by actual oxidation. 
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instance produced a greater amount of oxidation, the greatest dif- 
ference being observed during the first hour of aeration. 

This difference in activity between the activated and trickling filter 
sludges is probably brought about by the condition of the sludges. The 
sludges which had been maintained under continuous conditions of acti- 
vation were fed by the fill-and-draw method. At the time of test, 24 
hours had elapsed since the last feeding and these sludges were prob- 
ably relatively free of adsorbed material. The other sludges used in 
trickling filters immediately prior to these tests under conditions of 
activated sludge operation, had been fed continuously up to the time 
of removal from the filters. These sludges were probably moderately 
loaded with adsorbed material when aeration was started. Their grad- 
ual improvement in purifying power at each subsequent aeration inter- 
val supports this assumption. 

Perhaps the most interesting observation made in this study of the 
bacteria of trickling filters is that the zoogleal organisms found to be 
predominant in trickling filters and in activated sludge floc may be 
used interchangeably in pure culture set-ups without any material varia- 
tions in the purification efficiency obtained. This interchangeability in 
pure culture trickling filters is shown quite definitely in the results pre- 
sented in Table I and in Fig. 3. The same interchangeability in puri- 
fication by the activated sludge process is shown in the results of 


Table III. 
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This interchange function of these zoogleal bacteria in activated 
sludge is shown more clearly in Fig. 4. Here the average purification 
accomplished by activated sludges, each developed by a pure culture of 
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zoogleal bacteria isolated from natural activated sludge, is contrasted 
with the purification obtained with activated sludges developed by a 
pure culture isolated from a normal trickling filter. In the average for 
sludges developed by bacteria isolated from activated sludge, nine ex- 
periments are included, two with Culture No. 1, one with Culture No. 4, 
two with Culture No. 9, and four with Culture No. 86; while four experi- 
ments, two with Culture No. 87 and two with culture No. 103, are in- 
cluded in the average for sludges developed by bacteria isolated from 
normal trickling filters. Remarkable agreement at all aeration inter- 
vals is noted between the purification accomplished by the pure culture 
activated sludges developed by the zoogleal bacteria from the two 
sources, activated sludges and trickling filters. Moreover, the slight 
difference in purification noted, which is within the limits of variation 
observed between different cultures, favors the activated sludges de- 
veloped by bacteria isolated from trickling filters. 

The results obtained with the mixture of nine pure cultures of these 
zoogleal bacteria, four isolated from trickling filters and five from 
activated sludges, are also shown in Fig. 4. It is noted that this ‘‘mixed 
pure culture’’ sludge produced a more extensive purification at each 
aeration interval, with the greatest change taking place during the 
first hour. 


SuMMARY 


The isolation in pure culture of the predominant bacteria found in 
the growths on the stones of experimental and municipal trickling filter 
sewage plants is reported. These bacteria are present at least to the 
extent of 300 million per milliliter of filter growth. The organisms thus 
isolated and studied are zoogleal in nature and are similar to the pre- 
dominant bacteria found in activated sludge. 

The construction, method of inoculation, and operation of a trickling 
filter unit under pure culture conditions is described in detail. 

These bacteria isolated in pure culture, when applied to this trickling 
filter unit, produced a growth on the stones of the filter which simu- 
lated a normal trickling filter both in appearance and in purification 
properties. 

The predominant bacteria of activated sludge in pure culture are 
shown to have the same ability to produce adherent growths on the 
stones of a filter which in gross appearance and in purifying power 
simulate a normal trickling filter. 

Conversely, it is demonstrated that the bacteria isolated as the 
predominant organisms in a trickling filter will in pure culture produce 
a floc of the same general appearance as activated sludge. That is, 
these trickling filter bacteria also have the ability to grow in a liquid 
medium in a massed floc or colony which binds itself together tena- 
ciously enough to remain intact under the agitation of the aeration 
required to keep it suspended and to maintain aerobic conditions. This 
pure culture activated sludge during a 5-hour aeration interval removed 
about 76 per cent of the 5-day B.O.D. of polluted waters. 
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A mixture of nine pure cultures of these zoogleal bacteria, in both 
trickling filter and in activated sludge set-ups, was more effective than 
any one strain in pure culture. The extent of purification brought 
about by such a mixture was equivalent to that produced by a trickling 
filter or by an activated sludge containing all of the flora and fauna of 
normal sewage. 

The results obtained show that the predominant zoogleal bacteria 
of trickling filters and of activated sludges may be used interchangeably 
without impairment of purification efficiency and these results also 
indicate very definitely that the members of this group of bacteria are 
the active agents in purification by biological processes and suggest that 
the maintenance of conditions favoring their growth would expedite 
such purification procedures. 
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EFFECTS OF DILUTION WATER ON B.O.D. OF 
WASTE SULFITE LIQUOR 


By GeorcE Martin anp EK. P. MILuer 


Sewage Works Superintendent and Chemist, Green Bay Metropolitan Sewerage District, 
Green Bay, Wisconsin 


Numerous articles have been written in the past few years calling 
attention to the problem of industrial waste and pointing out that in 
many eases the industrial waste is so enormous in comparison with 
domestic waste that it completely overshadows the latter. Where such 
conditions exist the building of sewage treatment plants seems almost 
useless if the industrial waste is completely forgotten and allowed to 
flow untreated into rivers or other surface waters. Such has been the 
case in the Fox River Valley in Wisconsin where the industrial waste 
from four sulfite mills has a population equivalent twenty times as great 
as that of the domestic waste. Here the problem has not gone entirely 
unchallenged for the Green Bay Metropolitan Sewerage District has un- 
dertaken an investigation of the possibilities of biological treatment of 
the waste. In addition to this the District, in co-operation with the State 
Board of Health, recently completed and published their report on an ex- 
tensive sanitary survey of the polluted areas in and about the City of 
Green Bay, a report that necessarily dealt largely with waste sulfite liq- 
uor and its pollutional effects. A direct effect of this work was the 
arousing of interest among the sulfite mill officials to the extent that an 
organization was formed by these mills to establish a research program 
to study methods of treating their waste. 

For the past several years considerable work has been done by the 
Green Bay Metropolitan Sewerage District in studying the problem of 
waste sulfite liquor. About two years ago the question arose as to 
whether or not the Green Bay sewage treatment works could take the 
effluent from a lime-precipitated waste sulfite liquor treatment plant 
and what the B.O.D. would be of the combined effluent. To determine 
this we ran a series of tests and found that there was an enormous 
increase in B.O.D. and that slime growths increased to such an extent 
that trouble was anticipated. In fact, the five-day B.O.D. of the com- 
bined wastes increased from about 200 p.p.m. to 950 p.p.m., indicating 
that the B.O.D. of the lime precipitated waste sulfite liquor effluent was 
approximately 4,700 p.p.m., which results were quite surprising as they 
were about eight times as high as those which had previously been re- 
ported. This increase in B.O.D. due to the mixing of sewage with the 
lime precipitated waste sulfite liquor indicated that the sewage fur- 
nished certain essential material necessary for the promotion of bacte- 
rial growth whereas. the previous B.O.D. tests had been run with 
samples of waste diluted with standard bicarbonate water which lacks 
these essentials. All this led to further study and a search of the 
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literature proved that this same phenomenon had been encountered by 
Lea and Holderby working with various industrial wastes.’ These 
first observations were later followed by the work of Lea and Nichols,’ 
in which the use of a supplemented dilution water containing compara- 
tively large amounts of nitrogen and potassium was proposed. 

Additional work on this particular problem of waste sulfite liquor 
was undertaken during the winter of 1938 and the results show that a 
large difference in B.O.D. was obtained for the same waste sulfite 
liquor when mixed with standard, supplemented, and river dilution 
waters. This was followed by a further study of the problem in order 
to arrive at more definite conclusions as to a satisfactory dilution water 
for waste sulfite liquor and to determine the effect of the waste on 
various surface waters. 

Waste sulfite liquor is unusual in that it is a waste in which all the 
solids present are in solution or in such a state of colloidal dispersion as 
to approach true solution. Therefore, the B.O.D. is the only criterion 
of the pollution characteristic of the waste (authorities having denied 
any possible toxic effect of the waste at the low concentrations generally 
found in flowing streams *) and the method employed in determining 
this value is of great importance. 

The two main constituents of waste sulfite liquor are lignin, present 
in the form of calcium ligno-sulfite, and carbohydrates, with the lignin 
accounting for 50 to 60 per cent of the total solids and the carbohydrates 
20 to 30 per cent. These two substances are far apart in their relative 
availability as bacterial food, the carbohydrates being present largely 
in the form of readily available sugars and the lignin in a colloidal state 
necessitating an initial breakdown to true solution before being avail- 
able for bacterial assimilation. It also may be well to mention here 
that the waste is almost completely lacking in both phosphorus and 
nitrogen. 

In order to make this study fairly representative a number of five- 
gallon samples were obtained from the following Wisconsin rivers and 
other surface waters: 


1. Wisconsin River one-half mile above Brokaw 
2. Sturgeon Bay Ship Canal 

Green Bay at Mouth of Fox River 

Fox River just above DePere Dam 

Kast River above the City of Green Bay 


oR got 


As these waters all had an initial B.O.D. of from 2 p.p.m. to 10 p.p.m., 
it was necessary to allow them to age until this demand was almost satis- 
fied, that is, until the demand was low enough to allow at least 5 p.p.m. 
of dissolved oxygen at the end of a twenty-day incubation period. This 
required about thirty days for the twenty-day B.O.D. determinations 
whereas ten days aging produced a satisfactory water for five-day 
B.O.D.’s. 

In addition to aging, these waters required some treatment before 
being use. As the suspended solids were quite high, a period of quies- 
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cent settling of several days was allowed, after which the clear super- 
natant was decanted. This decanted water was then aerated every 
five to six days to keep the water as near saturation as possible. The 
fortified and bicarbonate waters were seeded with 1 ml. per liter of 
clarified sewage for the twenty-day runs, whereas for the shorter runs 
the fortified water was seeded with 10 ml. per liter of fresh river water. 
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The natural waters were not seeded after aging except for the ten-day 
runs on samples No. 3 and No. 4 which were seeded with fresh Fox 
River water. 

Because of the large B.O.D. of waste sulfite liquor it was necessary 
to dilute the waste before adding to the B.O.D. bottles. In doing this 
it was found that greater accuracy could be obtained when the original 
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waste was diluted so the same volume could be added to the B.O.D. 
bottles over the dilution range. As the concentration of the waste after 
diluting in the B.O.D. bottles varied from 1 in 3,000 to 1 in 25,000, it 
can be readily seen that the method and accuracy of these dilutions 
plays an important part in obtaining correct results. Therefore, the 
following procedure was adopted: 


1. 10 ml. of concentrated waste sulfite liquor were made up to 
1,000 ml. with distilled water in a liter graduate and thoroughly shaken. 

2. 10 ml. portions of this initial dilution were added to the 300 ml. 
B.O.D. bottles to give a waste sulfite liquor concentration of 1 in 3,000. 

3. 500 ml. of the initial dilution (Step No. 1) were then made up to 
1,000 ml. with distilled water in a liter graduate. After thorough shak- 
ing, 10 ml. of the mixture were added to the B.O.D. bottles for the next 
lower concentration of waste sulfite liquor. 

4, 500 ml. of the dilution from step No. 3 were further diluted in the 
same manner and 10 ml. of this dilution were added to the B.O.D. bottles. 
This procedure was repeated until the entire dilution range was covered. 

This method proved very satisfactory, and gave a uniform procedure 
with small chance for error. B.O.D.’s were determined every day 
throughout the run for each dilution water and the corresponding blanks 
were analyzed every other day. The dissolved oxygen determinations 
were made by using a modified Winkler method in which 2-ml. of each 
reagent were used and a thirty second period of shaking allowed. Nu- 
merous tests showed that this method gave results comparable to the 
alkaline hypochlorite method after the first day of incubation. Ap- 
parently the sulfites and polythionates are oxidized in this period and 
no longer interfere with the dissolved oxygen determinations. 

In order to better interpret the B.O.D. data the following chemical 
analysis of the various dilution waters were obtained: 

















Total ae ih Total Soluble Total 
Sample | PHY Merde | finity | Sods ] Ash [Nitrogen] “Nirow | bnoe, | hoy 
Wisconsin River... .} 8.10 56 50 102 65 0.17 0.21 .02 0.02 
Sturgeon Bay...... 8.32 120 120 157 95 0.10 0.56 01 0.02 
Green Bay........ 8.15 172 154 259 143 0.09 0.92 .00 0.01 
WOK SMVE!......... 8.32 168 158 239 143 0.10 0.60 09 0.12 
East River........ 8.10 | 510 404 663 428 0.11 0.70 .02 0.03 
Fortified Water.....| 8.00 -— 146 160 147 0.60 — .03 0.03 
Bicarbonate Water. .| 8.05 o -— 210 210 —_ — — —_ 
































Of the above data, those of greatest interest are the nitrogen and 
phosphorus figures, because on their presence depends to a large ex- 
tent the degree of bacterial activity. A rather interesting fact was 
noted in the complete lack of soluble phosphorus in the Green Bay 
sample, although the Fox River sample was comparatively high in this 
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substance. Two large sulfite mills dump their waste between these two 
sampling stations and apparently the soluble phosphorus is either used 
up by the tremendous bacterial activity occurring under the conditions 
of a large food supply and favorable conditions for growth or the phos- 
phorus is rendered insoluble by the large amount of calcium in the 
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waste liquor. In either case the fact that the soluble phosphorus is 
completely removed is of great importance because of the change in 
bacterial activity that is caused and the consequent slowing down of the 
rate of purification of the stream. That the rate of activity is markedly 
lower is shown by a comparison of the two curves for Green Bay and 
Fox River dilution waters. 
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Type of Dilution Water 








Green Bay 
P.p.m. B.O.D. 


Fox River 
P.p.m. B.O.D. 








7,500 4,500 
3 17,000 7,500 
4 29,000 11,000 
5 35,000 - 15,000 
6 42,500 19,000 





This data is shown graphically on curves No. 3 and No. 4. 

The waste liquor therefore apparently does considerable damage 
in excess of its high B.O.D. by completely upsetting the balance of 
essential mineral elements in the water into which it is dumped. The 
bicarbonate water, having no phosphorus or nitrogen present, could 
hardly be expected to give any indication of the effect of the waste sulfite 
liquor under natural conditions. Its use for any industrial waste low 
in phosphorus and nitrogen is worse than useless, giving erroneous re- 
sults which are misleading. For example, one type of treatment pro- 
duced the following data by using standard bicarbonate dilution water: 


W.S.L. before treatment............. 3,162 p.p.m. five-day B.O.D. 
PUPOS TSE i) (a ae 548 p.p.m. 

RECOMMEDED 5 282 i nce ae ae ee oes 2,614 p.p.m. 

SEs Seas ea artes 82.6 per cent 


By using East River dilution water the following data was produced: 


W.S.L. before treatment............ 24,200 p.p.m. five-day B.O.D. 
AWORCAT BINUONE . 5. oo cs cee cee es 18,500 p.p.m. 
SUNEMER Ot ow stele. oS ee 5,700 p.p.m. 
Leen ere eee 23.6 per cent 


This wide variation in the percentage of reduction from 82.6 to 23.6 per 
cent is the result of only one set of data, but nevertheless it does illus- 
trate that there is a great difference in dilution waters and that the 
effect of the various waters is not the same on both treated and un- 
treated waste sulfite liquor. 

Bicarbonate water not only runs consistently lower than the natural 
dilution waters but is much more erratic, giving results that cannot be 
checked in consecutive runs. A comparison of bicarbonate and Fox 
River waters follows (Curves No. 4 and No. 7): 


Type of Dilution Water 

















Fox River Bicarbonate 

Days P.p.m. B.O.D. P.p.m. B.O.D. 
2 7,500 3,500 
3 17,000 4,500 
4 29,000 5,000 
5 35,000 5,500 
6 42,500 6,500 





The fortified water of Lea and Nichols, using clarified sewage for seed- 
ing, gives results that are more nearly comparable to the natural dilu- 
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However, upon seeding the 


fortified water with natural surface water the results compare much 











better. (Curves No. 4, No. 8, and No. 9.) 
Type of Dilution Water 
Fortified Seeded Fortified Seeded , 

tified _ Fortified Seeded Fox Riv 
ss Pym BOD, as ed Ppam. BO.D, 

2 14,000 12,500 7,500 

3 18,500 24,000 17,000 

4 22,000 32,500 29,000 

5 25,000 37,500 35,000 

6 27,500 41,000 42,500 
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As the initial runs using natural surface waters were not seeded after 
aging, a few runs were made using fresh water from the same source 
for seeding with the effect of increasing the rate of the B.O.D. A com- 
parison of the results thus obtained follows (Curve No. 9): 


Type of Dilution Water 

















Fox River Fox River 
No Fresh Seed Fresh Seed Added 

Days P.p.m. B.O.D. P.p.m. B.O.D. 

2 7,500 12,500 

3 17,000 32,500 

4 29,000 41,500 

5 35,000 46,000 

6 42,500 49,000 
11 55,000 55,000 





The five-day B.O.D.’s of 13.2 per cent total solids waste sulfite liquor ob- 
tained by using the various dilution waters were as follows: 














Water Five-Day B.O.D., p.p.m., 20° C, 
er MMIRMM RT MRERMEND 556 rach css aren ote nie wits: woe ho 22,500 
Wisconsin River (Fresh Fox River Seed).......... 37,500 
a ean a arene eee Sree panera ae toe 27,500 
RAMEN Ao 5 5 ata. 5 Sid eis ibn WSs Bb Wis 5 Wl gtae WS oe 15,000 
SUCRE Ne Als lah awit enh ac ea eee 37,500 
Fox River (Fresh Fox River Seed)................ 46,000 
ON Se aie ee oe ce ee Se -ee ee 30,500 
PEMD IVIL slat ote ois nd ate ates 25,000 
Fortified Water (Fresh Fox River Seed)........... 37,500 
Bicarponate Dilution Water... .. . 2.6 6..8..0 sees 5,500 





An average of 2,500 gallons of waste sulfite liquor having a strength 
of approximately 13.8 per cent is made per ton of air dry pulp manu- 
factured. Using this information and the above data along with the 
population equivalent of 0.167 lbs. of five-day B.O.D. per capita per day, 
the following values were calculated: 








Population Eqiivalent of a 








Water 100-Ton Sulfite Mill 
MEMO MEIWE? 8 ooo i3i.d oe LUA Rede oes 283,000 
Wisconsin River (Fresh Fox River Seed)......... 471,000 
UMMC UERR 250d SM cod btn ie ashe a ice Suh Ip 346,000 
EMRE Ro oat acige tons eit aie poy. ico oa pees 188,500 
DEMME MECC Coe t lens ta ceehur sen vaca a ese 471,000 
Fox River (Fresh Fox River Seed)............... 579,000 
NE os iss ncn da Oe usieo bbs See ee Se EH 384,000 
a MUEMNEMN MAIL So i5-55 Sy o's ys ine ew bo bin Sa oe was 314,000 
Fortified Water (Fresh Fox River Seed).......... 471,000 


Bicarbonate Dilution Water.................... 
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In the determination of the B.O.D. of surface waters polluted with 
waste sulfite liquor to such an extent that dilution is required to obtain 
the B.O.D. data, it was found that considerably lower results were ob- 
tained when using standard bicarbonate water in comparison to a nat- 
ural dilution water. Apparently dilutions of even two parts of stand- 
ard bicarbonate water to one part of a polluted sample so upset the 
essential mineral balance that the biochemical activity is greatly re- 
duced. The data obtained on 2:1 diluted samples follows: 


B.O.D. of Green Bay Water at Mouth of Fox River, 1/24/40 











Bicarbonate Dilution Water River Dilution Water 
Days P.p.m. B.O.D. P.p.m. B.O.D. 
2 3.3 9.9 
5 7.5 16.2 
7 . 8.4 21.0 
10 12.6 19.8 
15 15.0 26.4 
17 15.7 27.0 
B.O.D. of Green Bay Water at Mouth of Fox River, 2/2/40 
3 7.2 12.0 
5 9.0 16.2 
7 ry 16.8 
10 14.1 19.2 
14 Ly fk 23.1 
20 16.2 28.2 





The results using the river dilution water are nearly 100 per cent higher 
than those obtained with the standard dilution water. Further proof 
of the inaccuracy of the standard dilution water is evidenced by the 
fact that no increase in B.O.D. is shown between the sampling station 
above the two Green Bay sulfite mills and below their outlets, whereas 
using river dilution water, an increase between these two points of 
12 p.p.m. in B.O.D. was observed. This increase for the flow of the 
Fox River is equivalent to a population load of 1,000,000 people. 


CoNCLUSIONS 


In the study of the B.O.D. of a waste such as waste sulfite liquor it 
is advisable to use as dilution water the water into which the waste is 
to be dumped. The water should be aged a sufficient length of time to 
satisfy most of the B.O.D. originally present—ten to twenty days should 
suffice—keeping it well aerated during the aging period. The water 
should be seeded with fresh water from the same source with an amount 
of about 10 ml. per liter. 

In the study of the pollutional results of waste sulfite liquor it is 
hardly sufficient to draw conelusions based on any particular proportion 
of the B.O.D. curve; that is, the five-day B.O.D. may or may not be a 
large percentage of the total B.O.D. The only satisfactory method is 
to determine a ten to twenty-day curve on-the waste and to interpret the 
pollutional load from this curve. 
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When it is necessary to obtain the B.O.D. of a water polluted with 
waste sulfite liquor, aged dilution water from the same stream should 
be used if results of value are to be obtained. 

Waste sulfite liquor apparently exerts a great influence upon the 
natural balance of the essential mineral element by completely effecting 
the removal of soluble phosphorus. 

The actual population equivalent of a 100-ton sulfite mill will vary 
with the surface water into which it is dumped. These values will range 
from 283,000 to 579,000. 

The population equivalent of the load added by the Green Bay sulfite 
mills was checked by a series of samples and proved to be slightly over 
a million, a figure that checks with the calculated data using the B.O.D. 
of waste sulfite liquor obtained with Fox River dilution water. 
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REPORT ON THE COOPERATIVE STUDY OF DILU- 
TION WATERS MADE FOR THE STANDARD 
METHODS COMMITTEE OF THE FED- ; 
ERATION OF SEWAGE WORKS 1 
ASSOCIATIONS 


By C. C. RucnHort 


Prin. Chemist, U. S. Public Health Service, Stream Pollution Investigations, Cincinnati, Ohio 













A meeting of the Standard Methods Committee of the Federation 
of Sewage Works Associations was held at Chicago, October 4, 1940. 
At this meeting it was decided to make a cooperative study of dilution 
water to be used in the 5-day B.O.D. determination. Though it was 
generally agreed that mineralized phosphate buffered water of the 
type proposed by Theriault * was desirable, there was some objection 
to recommending such a water as a standard without further study. A 
brief set of instructions for making the study was prepared and sent 
to members of the Committee who were interested. Some of these 
found it impossible to take part in the study, and consequently a few 
cooperators from outside the original Committee were found. 
The men who cooperated in the study are as follows: 














EK. Hurwitz, Southwest Treatment Plant, San. Dist. of Chicago, Ill. - 

Dr. W. D. Hatfield, Decatur Treatment Plant, San. Dist. of Decatur, III. 

W.S. Mahlie, Sewage Treatment Plant, City of Fort Worth, Texas 

R. K. Lewis, Sewage Treatment Plant, City of Indianapolis, Ind. 

). F. Eldridge, Engineering Experiment Station, Mich. State Coll., 
KE. Lansing, Mich. 

F. W. Gilereas, Division of Laboratories, New York State Dept. of 
Health, Albany, N. Y. i 

Dr. Gail P. Edwards, Wards Island Plant, New York City, N. Y. 

G. R. Barnett, Peoria Laboratory, San. Dist. of Chicago 

Rk. R. Powell, U. S. Public Health Serv. Hospital Sewage Treatment 
Plant, Lexington, Ky. 

J. F’. Kachmar and O. G. Pettijohn, U. S. Public Health Service Stream 

Pollution Invest. Station, Cincinnati, Ohio 
















PrRocEDURE OF STUDY 





In this study it was desired to obtain comparative 5-day B.O.D. re- 
sults upon a wide variety of samples, using standard sodium bicarbonate 
water and the mineralized phosphate buffered (Formula C) water in 
parallel. It was suggested that the cooperators could collect important. 
data with a small amount of additional work with the Formula C water, 
but with no other change in their routine laboratory B.O.D. practice. 
Several of the routine samples which were regularly put up in bicarbon- 
ate dilution water were also diluted with Formula C water on one or 
669 
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two days each week. Several of the cooperators put up their samples 
in both dilution waters every day. The same procedures in making 
dilutions, seeding (when necessary), incubation, and in the dissolved 
oxygen determinations were followed upon the samples diluted with 
both waters. The following instructions for preparing the dilution 
“waters to be studied were sent to all investigators: 


1. The sodium bicarbonate water should be prepared with well 
aerated good quality distilled water, using 0.3 g. per liter of C.P. sodium 
bicarbonate following the precautions given in the Eighth Edition of 
Standard Methods (page 155—1.1). 

2. The phosphate buffered Formula C water should be prepared as 
follows: The four stock mineral solutions required are prepared by 
dissolving the C.P. salts in liter quantities of distilled water: 


(A) Ferrie chloride—.25 g. FeCl,.6H.O 

(B) Calcium chloride—11. g. CaCl, (Anhyd.) 

(C) Magnesium sulphate—10. g. MeSO,.7H.O 

(D) Phosphate buffer stock solution. Dissolve 34 g. of potassium acid 
phosphate (KH.PO,) in about 500 ml. of distilled water. Add 
1 N sodium hydroxide (40 g. NaOH per liter) until a pH of 7.2 
is reached. About 175 ml. of 1 N NaOH will be required. The 
mixture is then diluted to one liter. 





The following amounts of each of the above stock solutions are added 
to distilled water (same quality as used for bicarbonate dilution water) 
to prepare the Formula C dilution water: 


A, 0.5 ml. per |. or 8.0 ml. per 16-liter carboy, 
B. 2.5 ml. per 1. or 40.0 ml. per 16-liter carboy, 
C. 2.5 ml. per 1. or 40.0 ml. per 16-liter carboy, 
D. 1.25 ml. per |. or 20.0 ml. per 16-liter carboy. 


After almost 800 samples had been studied, the trends with Formula 
C and bicarbonate water had been rather definitely established. Nich- 
ols *** has advocated the addition of nitrogen in an available form 
to all dilution waters to ensure the requisite quantities of this element 
for metabolic needs when carbonaceous wastes, such as paper mill waste, 
are under examination. In the latter part of this study, therefore, the 
results with the Formula C water fortified with ammonium sulfate were 
compared with bicarbonate or Formula C water without the addition 
of nitrogen. For this part of the study the following instructions were 
sent out for preparing the ammonia-supplemented mineral dilution 
water from two stock solutions. 


Stock Solution A. 


CC Re CCk 2 nar ee 3.0 g. 
DOS C OSEAN Sane e a ee eee 3.0 g. 
FeGl,-6H,0 (1% solution) ........... 1 ml. 
Distilled water Go Make .i5..:3:6..65s10040 0% 1000 ml. 


For best results these salts should be added in the order given. 











ee —_— 


i, ed 
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Stock Solution B. 

Dissolve 34 g. of KH.PO, in about 500 ml. of distilled water. Add 
1 N sodium hydroxide solution (40 g. NaOH per liter) until a pH of 7.2 
is reached. About 175 ml. of 1 N NaOH will be required. Then add 
1.5 grams of (NH,).SO, and dilute to 1 liter. . 

To make the nitrogen-supplemented mineral dilution water, add 
10 ml. of stock solution A and 1.25 ml. of stock solution B to each liter 
of a good grade of distilled water. 

This makes a mineralized buffered dilution water containing 94.13 
p.p.m. of total solids in the following proportions: 





Neos onnitaish clare: avait onward tates .06 p.p.m. 
OLS) See Saceteeien ee eae 30.00 p.p.m. 
MOO Nesta fa skeselbis oot Ses eas 14.70 p.p.m. 
sahipnenda) See ee 47.50 p.p.m. 
KH,PO, 

CEI so oe 5.05 ot esis 1.87 p.p.m. 
Le) le EOE Peery or yea taracc tact 94.13 p.p.m. 


The above procedure seems advantageous because only two stock 
solutions are required. However, neither the one per cent ferric 
chloride solution used for preparing stock solution A, nor stock solu- 
tion A keeps very well because of a tendency of the ferric chloride to 
hydrolize in these concentrations. It is believed, therefore, that the 
original procedure employing four stock solutions is preferable. In 
either case, however, when the water is to be supplemented with nitro- 
gen, the ammonium sulfate should be added to the stock phosphate 
buffer solution. 

ANALYTICAL Data 


In this study a total of 1123 samples were diluted in the waters be- 
ing compared. These samples included river water and sewage in all 
stages of purification from a variety of treatment plants. The numbers 
and kinds of samples compared from all laboratories are shown in the 
following table. 

Of these 1123 samples, 785 were compared in the mineralized phos- 
phate buffered (Formula C) water and standard bicarbonate water, 
277 were compared in nitrogen-supplemented Formula C water and 
standard bicarbonate water and 61 were compared in the Formula C 
water with and without supplemental nitrogen. 


CompParaTIVE B.O.D. in Formuta C anp BICARBONATE WATER 


The comparative data on B.O.D. in the Formula C and bicarbonate 
waters are presented in Tables I, IT and III for raw and primary effluent 
sewage, completely treated effluents and miscellaneous samples, respec- 
tively. Percentage B.O.D. deviation frequency curves for these data 
are plotted in Figs. 1 and 2. 

The data in Table I indicate that the mean B.O.D. obtained on raw 
and settled sewage was generally slightly higher in Formula C water 
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Total Number of Samples Compared in the Dilution Waters 








Raw Primary | Aeration 


Laboratory Contributin — Filter Final River Tot: 
y Sewage | Effluent | Effluent Effluent Effluent | Effluent —— otal 



















Chicago South West Plant. 3 31 35 5 74 
Decatur Plant............ 150 149 299 
Fort Worth Plant......... 58 49 49 34t 49 53 292 
Indianapolis Plant........ 11 21 11 11 42 96 
Michigan Eng. Exp. Station 10* 10 





New York State Bd. of 





























San. Dist. of Chicago, 





LOSS Ee 69t 69 
U.S. P. H.S. Hosp., Lexing-| 
OS Se ee | 22 20 17 59 


U.S. P. H. S. Stream Poll. | 
Invest. Sta., Cincinnati, | 
eae eka x5 | 41 20 17 78 























ES eee | 381 | 146 | 60 | 148 | 66 | 206 | 116 | 1123 








* Beet sugar factory wastes. 

t The results on these samples are not included with the activated sludge data. This is be- 
cause these B.O.D. results are so high that they are not comparable with the other activated 
sludge effluent data. 

t Forty-one (41) of these samples are river water containing glucose. 


than in bicarbonate water. The mean deviations between the Formula 
C and bicarbonate dilution water data in this table varied from 7.0 to 
39.9 p.p.m. and the standard deviation varied from + 4.4 to + 18.7 per 
cent. Both the mean deviation and standard deviation seem to be 
slightly lower for primary treated sewage than for raw sewage. The 
deviation frequency curve for the raw and settled sewage samples (Fig. 
1) follows an approximately normal frequency distribution except for 
a shift of the maximum point of the curve to the right of the y axis. 
This shows that the Formula C water usually gave slightly higher re- 
sults on this series of 399 raw and primary treated samples. 

Table II, which summarizes the results for filter effluent, activated 
sludge effluent and final effluent samples indicates that the variations 
between the results obtained in these dilution waters depend to a con- 
siderable extent upon the kind of sample under examination. The poor- 
est checks and greatest mean percentage deviation and standard devia- 
tion are obtained on activated sludge effluent samples. With these 
samples higher results are usually obtained with bicarbonate water. 
This is well illustrated by the frequency curve of B.O.D. deviations for 
activated sludge samples in Fig. 2. This figure shows a skew frequency 
distribution and indicates the great tendency for the B.O.D. of these 
samples to be higher in bicarbonate water. 

The data for final effluent samples from sprinkling filter plants sum- 
marized in Table II shows lower standard deviations (+ 7.9 to + 26.4 
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TasLe I.—Summary of Comparative B.O.D. Data Obtained on Raw Sewage and Primary Effluent ; 
i Samples with Formula C and Bicarbonate Dilution Water 
Aeon 5-day Standard 
: al Month | Description | Novel [POP "TTT Deer | Davi 
Laboratory Contributing and y of , ‘Com ation, 5a 
1941 Samples pared For- Bivar: P.P.M. Cent 
— bonate as = 
Southwest Treatment Works, 
(Gin EE ek Vee ere eee = Settled 28 158 | 147 | 20.5 18.7 
MPCAGUE, LHINOIS )\ 5c6:650: <.5c0sis-e 0 bdo Oct.- 
Nov. Raw 36 252 | 215 | 39.9 Lik 
Menaul: WMOIS.. 225. 6.0 osc cca ees Dec. Raw 30 254 | 227 | 19.9 8.7 
DECAUET UINOIS ooo 56.8 ioe ear oe es Jan. Raw 30 256 | 234 | 21.5 10.4 
ECR UUT TIONS So. cl sss hate Seoncs Feb. Raw 27 287 | 295 | 19.2 10.5 
Bort Worgh, VORASs occ eae ceee ee Nov.- 
Feb. Raw 31 258 | 250 | 17.6 9.7 
Bort WOrtn; POSAB! 3005. 603 oe Nov.- 
Feb. Pri. eff. 22 207 | 207 reve 5.2 
~ Fort Worth) TexaS: s.iies co qaebe ss Sec. eff. 28 216 | 214 7.0 4.4 
: Indianapolis, Indiana............... Mar.— | Screened 
Apr. settled 
. clar.* 31 249 | 249 | 13.0 6.1 
1 Lexington, Ky. U. 8. P. H. S. Hos- 
“ULES |e eee Sear ere era Jan.— 
Mar. | Raw 22 356 | 347 | 48.4 |] 17.7 
Lexington, Ky. U.S. P. H. S. Hos- 
Cr UE eee ee are Ne A eae Jan.— 
Mar. | Pri. eff. 20 222 | 245.| 21.2 | 15.38 
MEW VOPR NIURUOs-< 1030 fa-gn-sa cen Raw and 
settled 6 280 | 258 | 34.7 — 
Ward’s Island Plant, New York City.| Nov.— 
Feb. Raw 31 184 | 180 | 16.8 | 13.0 
Ward’s Island Plant, New York City.| Nov. 
Feb. Pri. eff. 31 199 | 199 | 12.7 9.5 
Stream Pollution Invest. Station, 
CUCU ao cesta nies Jan. 
1941 Raw 29 263 | 249 | 25.3 | 17.0 
On all of above samples.............. — — 402 240 | 231 | 20.9 | 12.6 








* Eight (8) plain aeration effluent samples are included in this group. 


per cent) and does not indicate any tendency for higher B.O.D. results 
in bicarbonate water. An examination of the frequency curve for these 
data (also shown in Fig. 2) indicates a more normal frequency distribu- 
tion but with a slight tendency for more frequent high results in 
Formula C water. The frequency distribution for sprinkling filter 
plant final effluent samples lies between the raw sewage samples and 
the activated sludge effluent samples frequency distribution. However, 
it resembles the raw sewage sample B.O.D. deviation frequency distri- 
bution much more nearly than the activated sludge frequency distribu- 
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tion. Though there were only 38 filter effluent samples compared, 
hardly enough for a satisfactory frequency curve, these results also are 
summarized in Table II and the deviation frequencies are plotted in 


Fig. 2. 





| T 
FIGURE 1 


FREQUENCY OF BOD. DEVIATIONS ON Raw 
AND SETTLED SEWAGE SAMPLES 
(5 day BO.D. Deviations in Percent or 
BOD. in Formula C- BOD. in Bicarbonate . 140) 
B.OD. in Formula C 
Results on a Series of 399 Samples 





@ 
2. 


Higher Results in 
Minerolized Phosphate 
Buffered Woter (Formula C) 


Frequency 


Higher Results in 
Bicorbonote Water 


a a L 1 


-20 fe) 
Percent B.O.D. Deviotion 


b 
ce] 
t 




















FIGURE 2 
FREQUENCY OF B.0.D. DEVIATIONS ON FILTER _ | 
EFFLUENT, ACTIVATED SLUDGE AND FINAL 
Activated Sludge 99 " EFFLUENT SAMPLES 
° (5 do. B.0.D. Deviations in Percent or 
Filter Effluent 38 : > . 
8.0.0. in Formula C-B.0.D. in Bicarbonate , 44 5] 
B.0.D in Formula C 


Finol Effluent 149 Sompies 





b 
oO 


Higher Results in 
Mineralized Phosphate 
Buttered Water (Formula C) 


Frequency 


Higher Results in 
Bicorbonate Woter 


to 
oO 














fe) 
Percent B.0.D. Deviotion 


The beet sugar factory waste data in Table III indicate that higher 
mean B.O.D. results can be expected with Formula C water than with 


bicarbonate water on this kind of sample. The mean deviation was 
128 p.p.m. and the standard deviation 16.2 per cent. The river water 
data also summarized in Table III are quite variable, depending ap- 
parently upon the stage of purification reached in the river. There 
are hardly enough data to warrant any conclusion, except that bi- 
carbonate water may tend to give higher results when the river water 
is approaching nitrification as at Peoria and Indianapolis. 
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Taste II.—Summary of Comparative B.O.D. Data Obtained on Filter Effluent, Activated Sludge 
Effluent and Final Effluent Samples with Formula C and Bicarbonate Dilution Water 
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Laboratory Contributing 





Mean 5-day 
Month | No. of B.O.D. 
1940 Samples 
and Com- 
1941 pared | Formula] Bicar- 
Cc bonate 


Mean 
Devi- 
ation, 


PoP, 
= 


Standard 
Devi- 
ation 
in Per 
Cent 

= 














Filter Effluent Samples 
















Fort Worth, Texas...... 


Stream Pollution Invest. Sta 


Nov.- 
Feb. 21 
Jan. 

1941 


iy 












Brea! 


30.8 

















7.0 













Activated Sludge Effluent Samples 














Indianapolis, Indiana 


Southwest Treatment Wks. Chicago........ | — 29 
Lexington, Ky. U.S. P. H. S. Hospital... .. 
Ward’s Island Plant, New York........... 


Stream Pollution Invest. Sta.............. 









10.9 
4.6 


16.6 


15.9 
6.6 








5.1 


10.6 

















Decatur, Illinois....... 


Decatur, Illinois....... 




















PGCE UUIES RENIN icrei's c/o. ;0- Sarees aoa see ies Jan. | 31 25.7 
CUNT ALON a ieee eS Wa eaceslepoee Feb. 28 27.0 
OT WONG SORES i555. gs sien bares aes Nov.- 

Feb. 25 24.4 
NOW OPI SUING oo ooo lends, Mina sealaatavecauats Sele oo 3 65.0 
All filter effluent samples................. 38 34.3 
All activated sludge effluent samples*...... 99 1G Ea 
All final effluent samples.................. 149 26.6 
All of above three Qroups. << ..66.0.0os 606.6 Sa 286 22.2 


23.7 
28.9 


25.4 
61.0 
34.8 
15.2 
25.3 


23.1 








2.7 
2.3 


1H 
10.0 





2.9 


4.5 
1.2 


3.6 










13.4 
12.1 
































* Fort Worth not included in this group. 


presented in Table IV. 


CoMPARISON OF AMMONIA SUPPLEMENTED FormuLA C WATER 
AND BICARBONATE WATER 


A summary of the results obtained with the Formula C water supple- 
mented with ammonium sulfate and standard bicarbonate water is 
It will be noted that the B.O.D. agreement on 
raw sewage and primary treated samples seems to be good. Both the 
mean and standard deviations obtained on a series of 120 raw and 
settled sewage samples in these waters are lower than were obtained 
in the longer series of such samples in Formula C and bicarbonate 
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TaBLeE III.—Summary of Comparative B.O.D. Data Obtained on Miscellaneous Samples with Formula 
C and Bicarbonate Dilution Water 








Mean 


| Mean 
™ Jevi- 


5-day 
No. of 3.0.D. 


Standard 
Devi- 


Laboratory Contributing Month — ation, ation 
pared | Formula] Bicar- 
y} bonate | 





P.P.M, | im Per 
a : Cent 





Beet Sugar Factory Waste 





694 | 28 | 16.2 


Michigan Engineering Exp. Sta 
| 





Glucose in Illinois River Wate 





| 1941 


Peoria Lab., Sanitary Dist. of Chicago......| Jan.— 
| Feb. 











River Water 





40.0 
15.3 
2.4 


Southwest Treatment Wks. Chicago 5 41.8 | 
Indianapolis, Indiana 13.1 
Peoria Lab., San. Dist. of Chicago = ‘ 2.3 

= | 








All river water samples................... | | : | 10.7 11.6 





* These samples contained from 14 to 10 P.P.M. of glucose. 


waters. The B.O.D. deviation frequency distribution for this series of 
120 samples, while not shown, is very similar to Fig. 1. The results ob- 
tained with all other kinds of samples are also shown in Table IV. The 
results, while not sufficiently numerous for frequency distribution plot- 
ting, seem in general to be similar to the results on Formula C and 
bicarbonate water already discussed. It is interesting to note that the 
mean B.O.D. for this series of 35 activated sludge effluent samples was 
again slightly higher in the bicarbonate water, even when the Formula C 
water was supplemented with ammonia. The skew frequency distribu- 
tion and the much higher standard deviation were evident again in these 
activated sludge effluent results. 

A summary of the comparative B.O.D. data obtained in Formula C 
water with and without supplemented ammonia is given in Table V for 
31 raw sewage and 30 final effluent samples from Decatur. On both raw 
sewage and final effluent samples the ammonia fortified water gave 
slightly higher mean results. A lower mean deviation (8.4 p.p.m.) was 
obtained than in either of the other series of raw sewage samples. The 
standard deviation was 10.1 per cent, an intermediate value between 
those obtained on the other two series. On the final effluent thé mean 
deviation was 2.2 p.p.m. or slightly higher than was obtained on the 
other series of samples. The standard deviation was 12.4 per cent, 
which was again intermediate between that obtained in the first two 
series of samples. A condensed summary permitting a comparison be- 
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TasLE IV.—Summary of Comparative B.O.D. Data Obtained on Various Samples with Formula C 
Water Supplemented with Ammonium Sulfate and Standard Bicarbonate Water 








Laboratory Contributing 


Description of 
Samples 


No. of 
Samples 
Compared 


Mean 5-day B.O.D. 





Formula C 


+(NH4)2SOu Bicarbonate 


Mean 
Deviation, 
PPM: 


Standard 
Deviation 
in Per Cent 
Po 





Ward’s Island, New 
York City 

Fort Worth, Tex. .... 

Indianapolis, Ind... . . 

Ward’s Island, New 


Fort Worth, Tex. .... 


Raw sewage 
Raw sewage 
Raw sewaget 


Settled sewage 
Settled sewage 


191 
305 
291 


162 
207 





All raw and settled sewage samples. . . 


222 





Fort Worth, Tex. .... 
Fort Worth, Tex. .... 


Fort Worth, Tex. 

Fort Worth, Tex..... 

Ward’s Island, New 
York City 


Indianapolis, Ind. 





Aeration eff. 
Secondary 
tank eff. 
Filter eff. 
Final eff. 


Activated 
sludge eff. 


.| River water 


33)| 
10 








191 189 
188 

43.8 
28.1 


186 
43.9 
27.9 


jn thy 
22.0 


10.2 
20.6 








2.2 
2.0 





12.6 





* This group includes 3 samples from the Sanitary Dist. of Chicago Southwest Plant, 8 from 
the Stream Pollution Investigations Station and 1 from the New York State Board of Health. 

+ These include screened, settled and clarified sewage samples. 

t This group includes 3 samples from the Sanitary Dist. of Chicago Southwest Plant and 2 
from the New York State Board of Health. 

§ This group includes 6 samples from the Sanitary Dist. of Chicago Southwest Plant, 1 from 
the New York State Board of Health and 6 from the Stream Pollution Investigations Station. 

|| This group includes 3 samples from Indianapolis, Ind. 


tween the results obtained in these three series of samples in the three 
pairs of dilution waters is presented in Table VI. In the B.O.D. deter- 
mination, checks within 10 per cent on duplicate determinations are usu- 
ally considered as satisfactory. The percentage of the comparative re- 
sults agreeing within 10 per cent are shown in this table; and with 
Formula C and bicarbonate waters vary from 24 per cent on activated 


TaBLE V.—Summary of Comparative B.O.D. Data Obtained on Raw Sewage and Final Effluent 
Samples with Formula C with and without Ammonium Sulfate 








Mean 5-day B.O.D. Standard 
Deviation 
in Per Cent 
Fm 


Mean 
Deviation, 


No. of 
Samples 
Compared 


Description of 
Samples 





Laboratory Contributing 


Formula C 
+(NHa)2SO4 


Formula C 





8.4 
2.2 


10.1 
12.4 


308 
27.2 


304 
25.5 


31* 
30 


Raw sewage 
Final eff. 


Decatur, Illinois... .. 
Decatur, Illinois...‘ . 




















* This group includes four (4) samples from the Stream Pollution Investigations Station. 
} This group includes two (2) samples from the Stream Pollution Investigations Station. 
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sludge to 76 per cent on raw sewage. When Formula C water fortified 
with ammonia is compared to bicarbonate water the checks within 10 per 
cent were 85 to 86 per cent for final effluents, filter effluents and raw 
sewages, but fell to 50 per cent on river water and to 24 per cent on acti- 
vated sludge effluents. Very similar values were obtained for the per- 
centage of results checking within 10 per cent when Formula C water 
and Formula C water with ammonium sulfate were compared on raw 
sewage and final effluents. It is notable that the percentages of com- 
parative results checking within 10 per cent are in good agreement in 
the A and B columns. This indicates that the Formula C water, 
whether supplemented with ammonia or not, will give results which bear 
essentially the same relation to the bicarbonate results. 

The percentage of times that the Formula C water gave results equal 
to or higher than the bicarbonate water are also shown in Table VI. 
These data show that the Formula C water, either with or without sup- 
plemental ammonia, can be expected to give equal or higher results from 
66 to 72 per cent of the time on raw or primary treated sewages, from 
62 to 71 per cent of the time on final effluents, about 50 per cent of the 
time on filter effluents and only 17 to 18 per cent of the time on activated 
sludge effluents. Again there is a great similarity in the comparative 
data obtained whether the Formula C water contained ammonia or not. 

When the Formula C waters with and without ammonia are com- 
pared, equal or higher results are obtained in the Formula C water with- 
out ammonia only 30 per cent of the time on final effluents and 39 per 
cent of the time on raw sewage. These data therefore indicate that 
slightly higher results can be expected in the ammonia-supplemented 
water. This is not in perfect agreement with the indirect data in col- 
umns A and B. 


SUMMARY 


A comparative study of the 5-day B.O.D. results obtained in a min- 
eralized phosphate buffered water, with and without ammonia, and in 
the standard bicarbonate water, has been made. A summary of the 
data obtained and the deviation frequency distributions have been pre- 
sented. The relationship between the results obtained in the mineral- 
ized phosphate buffered (Formula C) water and in the present standard 
bicarbonate water is not altered by the addition of the small amount of 
ammonium sulfate to the mineralized phosphate buffered water that is 
recommended as a supplemental source of nitrogen. In general, 
slightly higher 5-day B.O.D. results can be expected in strong industrial 
wastes, raw and primary treated sewage and in effluents from sprinkling 
filter plants in the mineralized phosphate buffered water. Effluents 
from activated sludge plants, on the other hand, can be expected to give 
higher results in bicarbonate water, also when the phosphate buffered 
water is supplemented with ammonia. Normal deviation frequency 
distributions were obtained on raw sewage and primary effluents, while 
a skew deviation frequency distribution was obtained on activated 
sludge effluents. The standard deviations between the results in the 
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mineralized phosphate buffered water and the bicarbonate water were 
as follows: 


Per Cent 


Raw and settled sewage .............0ce00 12.6 
Final effluents (sprinkling filter plants) .... 17.3 
DAGUAY CRMMED oie disc SESS Shoo 6 bos Ss 25.9 
‘ RURWN MONENENE eects ets kN as ies waar a 39.9 
Activated sludge effluents ................4. 54.6 


On the basis of this study it is believed that the mineralized phos- 
phate buffered dilution water is superior to the bicarbonate water for 
the determination of 5-day B.O.D. in sewage treatment practice, where 
the efficiency of a treatment process is to be followed. Whereas the 
ammonia-supplemented mineralized phosphate buffered water is su- 
perior for the determination of B.O.D. on nitrogen deficient wastes and 
is entirely satisfactory for sewage and sewage effluents (it having been 
shown to give lower B.O.D. values than bicarbonate water on activated 
sludge effluents) it is recommended that a mineralized phosphate buf- 
fered water supplemented with the amount of ammonium sulfate used 
in this study be adopted as standard. Because the description of the 
water as a mineralized phosphate buffered nitrogen supplemented water 
is too long and the name nitrogen supplemented Formula C water seems 
undesirable, it is suggested that this water be called the Theriault- 
Nichols dilution water. 
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CHEMICAL COAGULATION OF SEWAGE * 
XIII. INERT MATERIALS 


By Harry W. Geum 


Assoc., Dept. Water and Sewage Research, New Brunswick, N. J. 


Early in the practice of chemical treatment of sewage, more or less 
inert materials were added in a finely divided state to produce or aid 
coagulation. The theory behind the use of these materials was that 
they would settle rapidly on account of their relatively high specific 
gravity and carry with them a portion of the finely divided sewage 
solids. It was also believed that when incorporated in a hydrous floc, 
formed in sewage by the addition of a coagulant, they would render the 
floc particles heavier, hence more readily settleable and productive of a 
more dense sludge. 

Some of the materials used in early practice were marl, peat, clay, 
chalk and limestone (1). Milled paper was employed in one of the 
processes used recently in this country (2). Laboratory and plant 
trials have been made with activated carbon (3) and silica. Paper 
rapidly fell into disuse because the benefits derived did not justify the 
expense involved. In general, none of the materials employed have 
shown much promise of improving present methods of chemical coagula- 
tion of sewage. 

At present some new inert materials, industrial residues, are avail- 
able in different localities at very low costs. Some of these might prove 
more effective than the materials formerly tried. There are also some 
materials on the market which could possibly be effective, because of 
some inherent properties. In the former group are spent tan bark, 
flue dust, sludge ash and iron oxide waste from copperas roasters. In 
the latter category such materials as bleaching clays, activated carbon, 
bentonite and diatomaceous earth may be included. 

This paper deals with experiments made with various materials in 
respect to their effect on clarification and sludge volume when used 
alone and in conjunction with chemical coagulants. 


PROCEDURE 


The general methods employed were identical to those reported in 
former papers of this series (4) (5). The inert materials used were 
weighed and added to the sewage prior to treatment with the coagulant. 
The range of dosage included amounts exceeding practical quantities in 
order that any effect, even if small, could be demonstrated. All of the 
waste material was ground to pass a 200 mesh sieve, while the com- 
mercial products were applied as received. In these experiments 0, 50, 
100, 500, 800 and 1,000 parts per million of the inert material were added 


* Journal Series Paper, N. J. Agricuitural Experiment Station, Dept. Water and Sewage 
Research, New Brunswick, N. J. 
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to each of six one-liter portions of sewage with rapid stirring to insure 
dispersion. The samples were flocculated thirty minutes and settled 
for two hours. Clarification was evaluated by measuring turbidity re- 
maining in the supernantants. The sludge volume was measured di- 
rectly. This procedure was repeated for each dosage of coagulant used 
with six other one-liter portions of the same sewage. The procedure 
was identical for each inert substance with the exception of the coagu- 
lant dosage, which was varied according to the requirements of the sew- 
age. Domestic sewage only was selected for this work. 


By-PRoDUCTS 


Spent Tan Bark.—This material consists of the residue remaining 
after tan bark has been leached in the manufacture of tannic acid. The 
residue consists mainly of cellulosic and ligneous materials and a small 
quantity of residual tannin and tannic acid. This material was selected 
because tannins have been shown to have concentrating and dewatering 
action on sewage sludge. 

It was found that the finely divided spent tan bark dispersed well in 
sewage. Rather than aiding clarification, however, it was found to be 
detrimental. Figure 1 A shows that 100 p.p.m. either prevented clarifi- 
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Fie. 1.—Effect of tan bark on clarification and sludge volume. 


cation entirely, when ferric chloride was applied, or added turbidity 
which was not removed by the coagulant. In either case the turbidity 
in the supernatant with and without ferric chloride treatment remained 
the same. Dosages of tan bark up to 1,000 p.p.m. yielded supernatants 
of lesser clarity than obtained when the sewage was flocculated and 
settled without the addition of chemicals. 
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Tan bark can influence strongly the compacting qualities of a chemi- 
eal sludge. As shown in Fig. 1 B, tan bark increased the sludge volume 
when no coagulant was applied. When ten parts per million ferric chlo- 
ride as iron were applied, 100 p.p.m. of tan bark reduced the volume 40 
per cent, while 200 p.p.m. reduced it over 50 per cent. Higher dosages 
of tan bark effected no further reduction. 

Flue Dust.—The addition of flue dust to sewage prior to coagulation 
with ferric chloride improved clarification somewhat. With 100 p.p.m. 
of dust, clarification increased 8 per cent, and with 1,000 p.p.m., 22 per 
cent, when sufficient coagulant was added to give a high degree of clari- 
fication. The effectiveness of the dust. in aiding clarification was gen- 
erally in proportion to the coagulant dosage. With no coagulant no 
clarification was produced by the flue dust itself. The results are illus- 
trated in Fig. 2 A. 
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Fig. 2.—Effect of flue dust on clarification and sludge volume. 


Flue dust did not appear to be particularly effective in decreasing 
the sludge volume. Inspection of Fig. 2 B shows that significant reduc- 
tions in sludge volume occurred only when 400 p.p.m. or more of dust 
was applied, and the sewage was treated with a coagulant dosage suffi- 
cient to give almost complete clarification (25 p.p.m. of iron). 

Tron Oxide.—Iron oxide (Fe.0,;), despite its high specific gravity, 
dispersed and remained in suspension during flocculation surprisingly 
well. However, when very large dosages were used (500 p.p.m. or 
more) some of this material settled immediately. With 50 p.p.m. of the 
oxide and dosages of ferric chloride sufficient to give partial clarifica- 
tion, increases in turbidity removal were noted as high as 13 per cent 
which could be attributed to the oxide. With a sufficient dosage of 
ferric chloride to give good clarification no added clarification was at- 
tained. The results are graphically shown in Fig. 3 A. 
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Fig. 3.—Effect of iron oxide on clarification and sludge volume. 







The effect of this material on the sludge volume was marked when 
the sewage was coagulated with ferric chloride. Figure 3 B shows that 
the effect was greater with high chemical dosages. When the demand 
dosage of ferric chloride was added (20 p.p.m.), 100 p.p.m. of oxide re- 
duced the volume of sludge by 8 per cent, 200 p.p.m. by 28 per cent and 
400 p.p.m. oxide about 50 per cent. Larger dosages of oxide did not 
have appreciable additional effect. 

Digested Sludge Ash.—The ash used was collected from an inciner- 
ator in which digested sludge is burned completely, leaving a very finely 
divided ash free of organic matter. 

In the clarification experiments the sludge ash appeared to give defi- 
nite aid to the ferric chloride (Fig. 4 A). While demonstrating no 
clarifying power of its own, 100 p.p.m. ash decreased the dosage of co- 
agulant necessary for complete clarification by 33 per cent. Larger 
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Fic. 4.—Effect of ripe sludge ash on clarification and sludge volume. 
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quantities of the ash did not cause an appreciable further reduction in 
the coagulant demand. 

The results on sludge volume experiments in Fig. 4 B demonstrate 
that the ash was effective in reducing the sludge volume only when ap- 
plied in large dosages to sewage treated with higher dosages of ferric 
chloride. For instance, 100 p.p.m. reduced the volume 4 per cent, while 
1,000 p.p.m. reduced it about 30 per cent. 


InpustrIAL Propucts 


The second group of materials investigated were those which have 
been shown to be effective for other purposes in water or sewage treat- 
ment. These materials were obtained as manufacturers’ samples. Ex- 
periments with these substances followed the same general pattern as 
those made with the waste products. 

Activated Carbon.—A finely divided common brand of activated ear- 
bon was used in these experiments. The inability of this material to aid 
materially in the clarification of sewage is shown in Fig. 5 A. No 
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Fig. 5.—Effect of activated carbon on clarification and sludge volume. 


marked improvement in the removal of turbidity was evident either with 
or without the use of a coagulant, even when 1,000 p.p.m. was applied. 

As could be expected the sludge volumes obtained were not materi- 
ally affected by the carbon. Dosages up to 200 p.p.m. in conjunction 
with the demand dosage of ferric chloride reduced the volume slightly, 
while higher dosages increased it considerably (Fig. 5 B). 

Bleaching Clay—tThe type of clay used in water coagulation was 
selected for these experiments. This substance dispersed exceedingly 
well and settled readily with the settleable solids after flocculation. 
Clarifying power, however, was not demonstrated to any appreciable 
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Fie. 6.—Effect of bleaching clay on clarification and sludge volume. 


extent (Fig. 6 A). This substance had the property of changing the 
character of the floc to a remarkable degree. As little as 50 p.p.m. ap- 
plied prior to ferric chloride treatment produced a small dense floc 
which settled very rapidly. 

Activity of the clay in reducing sludge volume was slight, except 
when excessive quantities were used. Figure 6 B shows that 500 p.p.m. 
of bleaching clay was required to effect a 20 per cent reduction in sludge 
volume when the coagulant dosage was sufficient to give complete clari- 
fication. Reductions in volume accomplished by smaller dosages were 
insignificant. 

Diatomaceous Earth—The low priced variety of this material was 
used in these experiments. Summarized data are shown in Fig. 7 A. 
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Fic. 7.—Effect of diatomaceous earth on clarification and sludge volume. 
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Application of even 1,000 p.p.m. of this material showed little effect on 
clarification, increasing the turbidity removal less than 10 per cent. 

The application of diatomaceous earth materially increased the vol- 
ume of sludge collected, whether a coagulant was employed or not (Fig. 
7B). 
Bentonite.—To obtain good dispersion, a suspension of commercial 
bentonite in water rather than the dry substance was employed. Time 
is required for the bentonite to absorb water and assume a gel form in 
which it is supposed to have its most effective coagulating properties. 
Otherwise the experimental method was the same as it was for the other 
substances. It was found that 100 p.p.m. of this material had a slightly 
beneficial effect on clarification. Increasing the dosage to 800 p.p.m. 
had a small additional beneficial effect, but the degree of additional 
clarification was not appreciable. However, the same degree of clari- 
fication could be obtained with 30 per cent less ferric chloride when 800 
p.p.m. of bentonite was used as shown in Fig. 8 A. 
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Fie. 8.—Effect of bentonite on clarification and sludge volume. 
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The curves in Fig. 8 B, showing sludge volumes produced at varying 
dosages of bentonite and ferric chloride, indicate increased sludge vol- 
ume, particularly when the coagulant was applied. Even partial dos- 
ages of ferric chloride at a bentonite concentration of 100 p.p.m.:gave 
high sludge volumes. When the demand dosage of ferric chloride was 
applied with 100 p.p.m. of bentonite, the volume after two hours settling 
was nearly four times greater than when no bentonite was used. 


Discussion 


None of the waste materials used in these experiments, with the pos- 
sible exception of sludge ash, showed promise of being particularly 
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useful in practice as aids in clarification and aeccelerants in sludge com- 
pacting. Tan bark speeded compacting but prevented clarification; 
flue dust aided clarification slightly, but was not particularly effective 
in compacting the sludge; and iron oxide helped compacting but aided 
clarification only when a partial dosage of coagulant was applied. 

Digested sludge ash, applied at the rate of 100 p.p.m. lowered the 
coagulant demand 33 per cent and accelerated sludge compacting to a 
small degree. Whether the decrease in coagulant demand was due to 
soluble or insoluble matter in the ash, or both, was not determined. The 
ash contained some calcium oxide, which substance could affect the re- 
sults. It is extremely doubtful, however, if sufficient CaO were present 
to account for the results obtained. 

The addition of 100 p.p.m. of ash in a plant would necessitate the re- 
use of ash, because a million gallons of sewage may produce only from 
300 to 750 pounds instead of 880 pounds per million gallons treated. 
Whether the ash would be effective on second passage is questionable 
and whether the saving in coagulant effected would warrant the neces- 
sary equipment and operation is doubtful. 

In general the commercial materials were no more effective than the 
wastes. Activated carbon had little effect on clarification or compact- 
ing; the merit of bleaching clay lay in the production of a somewhat 
better floc; diatomaceous earth was practically valueless; and bentonite 
produced excessive volumes of sludge. 

It appears that the addition of various inert materials to sewage as 
an aid to chemical clarification is not justified as a general practice. 
There seems to be no need to supply nuclei for floe formation in sewage 
because there are sufficient present. The fact that the coagulant affects 
the dissolved as well as the finely divided suspended matter of sewage 
reduces the possibility of aid by inert substances. Replacement of co- 
agulant by chemically inactive substances capable of absorption re- 
quires excessive dosages to produce desired results. It is, therefore, a 
matter of clarification and sludge volume production, which in turn 
affect operation and economics. The acceleration in the compacting of 
sludge would be advantageous if small quantities could be employed for 
effective results. However, in most cases the quantity of inert matter 
necessary is too great to be practical. Moreover the addition of large 
quantities of inert substances means their handling through the plant 
units. This adds expense and in some eases attending difficulties. It 
may be possible that certain inert materials could be treated or acti- 
vated in some manner to make them more effective. 


SUMMARY 


Laboratory experiments with wastes from industrial processes (tan 
bark, flue dust, iron oxide and sludge ash) and inert commercial prod- 
ucts (activated carbon, bleaching clay, diatomaceous earth and benton- 
ite) to determine their effect on clarification of sewage and compacting 
of sludge show that: 
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(1) Inert materials are in general of little value in aiding the process 
of chemical treatment of sewage. 

(2) Such substances can accelerate the compacting of chemical 
sludge but in general too great a quantity is necessary to produce the 


desired results. 
(3) Digested sludge ash gave the best overall results of all materials 


tried. 
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A SUGGESTED PROCEDURE FOR THE 
DETERMINATION OF GREASE 


By Harvey F. Lupwie 


Engineering Assistant, East Bay Cities Sewage Disposal Survey, Berkeley, California 


This discussion summarizes observations made in the laboratories 
of the East Bay Cities Sewage Disposal Survey on various methods of 
extracting grease from domestic sewages and industrial wastes. A new 
procedure is suggested for the determination of grease which eliminates 
the necessity of evaporating the sample to dryness, and which is be- 
lieved to be sufficiently dependable and simple for most sewage testing 
work. 

Routine Tests by the East Bay Cities Sewage Disposal Survey.— 
The routine testing work of the survey included laboratory grease 
analyses of some 300 composited samples of domestic sewages and of 
wastes from numerous industries. The test procedure adopted for this 
work is a modification of the dry extraction procedure of Standard 
Methods, as used by the Richmond-Sunset Sewage Treatment Plant of 
San Francisco, California. This procedure comprises acidifying the 
sample with hydrochloric acid, evaporating to dryness with the water- 
bath and drying oven, and extracting the grease by rubbing the solvent 
into the residue with a glass rod. The solvent containing the dissolved 
grease is filtered, the filtrate evaporated on the water-bath, and the 
residue dried, cooled, and weighed. Chloroform was used as the ex- 
tracting agent. This procedure was selected because it is simple, and 
because it was thought to be sufficiently accurate for the purposes of the 
survey. 

It became apparent, however, during the progress of the work, that 
the adopted procedure had serious shortcomings as an analytical test. 
Duplicate determinations sometimes did not check. Further, in some 
of the industrial wastes analyses, chloroform-soluble substances were 
extracted which had little or no grease-like properties. This was par- 
ticularly true of those wastes from paint and chemical manufacturing 
industries, from which crystalline substances were frequently obtained. 

A number of synthetic samples were prepared by adding known 
weights (about 100 mgm.) of various fatty acids (stearic, palmitic, 
lauric, and myristic) to 500 ¢.c. portions of sewage of very low grease 
content (5 p.p.m.). The fatty acids were dispersed by heating and 
agitating the mixture. Following the dispersion about 500 p.p.m. CaCl. 
was also added. These modified sewages were then analyzed for grease 
by the routine dry-chloroform procedure described, and it was found 
that only a variable fraction of the added fatty acids could be recovered. 
It was observed during filtration of the solvent containing the extracted 
substances that these substances tended to crystallize along the top edge 
of the filter paper. Further, the residue obtained by evaporating the 
filtrate was hard and glassy, and redissolved in chloroform only with 
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difficulty. It is concluded from these observations that when the acidi- 
fied sample is evaporated to dryness in the presence of an appreciable 
concentration of calcium or other polyvalent cations, the fatty acids will 
be transformed into soaps of these cations which are only slightly solu- 
ble in the extracting agent. When a Soxhlet extraction is made, as in 
Standard Methods, it is probable that all the fatty acids may be re- 
covered; but even in this ease the residue will contain a variable amount 
of caleium and other polyvalent cations. 

Proposed Grease Test.—In order to overcome these difficulties it 
seemed desirable to eliminate the operation of evaporating the sample 
to dryness, and accordingly a wet-extraction procedure was studied. 
The procedure used was as follows: 


1. Acidify a 500 or 1000 cc. sample with hydrochloric acid (add 
about 10 ec. of 1:1 HCl, or make red to methyl orange), and boil for 
about 15 minutes or until the fats and oils have collected in a surface 
film. 

2. Place beaker in refrigerator for several hours (over night), allow- 
ing the grease to solidify into a solid or very viscous mass. 

3. Filter, washing the beaker and filter paper with cold water. Re- 
turn filter paper to beaker, and place in drying oven for about 15 min- 
utes, to remove moisture and to warm the grease so that it will be readily 
soluble in the solvent. 

4. Extract the grease by use of a Soxhlet apparatus or, more simply, 
by direct solution. In either case add enough solvent to wet the filter 
paper thoroughly. Using a glass rod swab the sides of the beaker with 
the filter paper, and transfer the paper and solvent to either the Soxhlet 
thimble or to a small beaker. Rinse the large beaker with small por- 
tions of solvent to insure complete transfer. 

5. In the ease of direct solution, stir the contents of the small beaker, 
and refilter the supernatant into a weighing receptacle. Add more solv- 
ent and repeat the washing to insure complete transfer of the grease. 
Generally about three washings will be adequate. The solvent contain- 
ing the dissolved grease is evaporated on the water-bath, and the residue 
is dried, cooled, and weighed. 


By this procedure soaps and fatty acids will be recovered as fatty 
acids. Triglycerides will be recovered as triglycerides, as these are not 
broken down by acidification. In Step 1 of the procedure, the operation 
of boiling insures complete reversion of the insoluble soaps to the fatty 
acid form. It is the experience of soap chemists that in a cold process 
there will be incomplete reversion even under highly acid conditions. 
The operation of boiling also concentrates the grease at the surface; 
and, if desired, a large portion of the underlying solution may be drawn 
off. 

The separation of the grease from the liquid medium by filtration in 
Step 3 is based on the assumption that in Step 2 the grease materials 
will either solidify or become too viscous to pass through the filter paper. 
There may be present low titre fatty acids or light mineral oils which in 
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the pure state would not be retained by the filter paper. In practice, 
however, there will generally be present some high titre fatty acids, and 
as a result all the fats and oils present will tend to solidify in a single 
mass. There is the possibility that very volatile mineral oils may not 
enter into this solidification and thereby be lost; however, it is question- 
able as to whether it is desired to recover these oils. It might be argued 
that those fats and oils which are retained by the filter paper under the 
conditions defined are fairly representative of that fraction of the total 
fats and oils which has true sanitary significance. 

In addition to the fats and oils which are extracted by this procedure, 
there will also be present in the residue any solvent-soluble non-grease 
materials which are retained by the filter paper in Step 3. The error 
due to these materials should be appreciably less by this procedure than 
by dry extraction procedures or by wet extraction procedures in which 
the solvent is added directly to the sewage sample. 

This boiling-freezing procedure was tested on synthetic samples pre- 
pared as previously described, using stearic, palmitic, lauric, myristiec, 
and oleic acids, and ordinary motor lubricating oil. In all cases practi- 
cally complete recoveries were obtained. The oleic acid and lubricat- 
ing oil did not solidify, but were sufficiently viscous to be retained by 
the filter paper. 

The method was then applied to ten different samples of primarily 
domestic sewages, in conjunction with the routine dry extraction pro- 
cedure, using the same number of extractions with the same volumes of 
solvent for both methods. These results are tabulated: 
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The data indicate that for domestic sewages the weights obtained by the 
dry extraction procedure are somewhat less than those obtained with 
the boiling-freezing procedure. It is regretted that Standard Methods 
Soxhlet extractions were not made for these same samples. 


SuMMARY 
When an acidified sewage sample is evaporated to dryness, the fatty 
acids may revert to calcium and magnesium soaps, which are only 
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slightly soluble in chloroform or similar extracting agents. Complete 
recoveries are possible, under these circumstances, only by continuous 
extraction, as with a Soxhlet apparatus. 

A boiling-freezing procedure, which eliminates the necessity of 
evaporating to dryness, is suggested for the determination of grease. 
The boiling is necessary to insure the complete reversion of soaps to 
fatty acids, and also serves to concentrate the grease in a surface layer. 
Low temperatures are then employed to change this grease to a solid or 
very viscous form; it may then be separated from the liquid medium by 
filtration. It is believed that the method is sufficiently simple for gen- 
eral testing work. 

The method was tested on synthetic samples prepared by adding 
fatty acids and a lubricating oil to sewage of low grease content, and the 
recoveries were practically complete. It is believed that the residue ob- 
tained by the method will include practically all the grease materials of 
sanitary significance. The residue may also contain some solvent- 
soluble non-grease materials, but this error will be eliminated to the ex- 
tent by which these materials are not retained by the filter paper in the 
operation of separating the water from the solidified grease. 

Acknowledgment.—Charles Gilman Hyde, Harold Farnsworth Gray, 
and A. M. Rawn constitute the Board of Consulting Engineers for the 
Kast Bay Cities Sewage Disposal Survey. R. R. Ribal is Principal As- 
sistant Engineer. The author is indebted to these gentlemen for the 
suggestions and assistance which they provided. (See paper by Okun, 
Hurwitz and Mohlman.') 


1 This JOURNAL, May, 1941. 








Plant Operation 





‘CURRENT DEVELOPMENTS AND TRENDS IN 
SEWAGE TREATMENT * 


By A. J. FiscHer 


Development Dept., The Dorr Company, Inc., New York, N. Y. 


Future trends in sewage treatment will be largely influenced by cur- 
rent developments. These to a great extent are concerned with im- 
provements of equipment and processes that have been introduced dur- 
ing the past decade. Most of these have been publicized in the technical 
literature—a few perhaps too optimistically. Wide acceptance of new 
ideas, however, is generally a slow process and usually follows labora- 
tory or pilot plant work, a representative full plant scale demonstration, 
and then the evidence of satisfactory operation of a number of typical 
installations. 

Due to differences in sewage characteristics, the fact that a certain 
process works satisfactorily in one city or locality does not necessarily 
mean that it will be universally successful. Likewise, an occasional 
failure should not condemn a process‘or device, as there may be exten- 
uating circumstances affecting occasional plants. Sanitary engineers 
and public health bodies are as a rule conservative in evaluating new 
ideas because of the large number of questionable proprietary processes 
that have been proposed in the past. Such conservatism is, however, 
often extreme and in many instances retards worthwhile developments. 
The caution being taken in accepting high rate filters in some sections is 
an example of this ultra-conservatism. 

On the other hand it is recognized that sewage treatment runs in 
cycles, and that these cycles are usually stimulated by intensive com- 
mercial activity along certain lines. The trend away from activated 
sludge treatment toward chemical precipitation, and then to high rate 
filters exemplifies this cyclic trend. This commercial stimulation is of 
benefit to the science of sewage treatment and has been responsible for 
a considerable portion of the major developments in modern sewage 
treatment practice. But, this activity often requires a brake, otherwise 
plants may be overburdened with unnecessary equipment that would be 
costly to operate, or a treatment process may be adopted that is inade- 
quate to meet the local requirements. Just because sludge incineration 
is satisfactory for Chicago or Buffalo is no reason why it should be 

adopted elsewhere where the sludge may be more economically hauled 
to dumps or used as a fertilizer. Similarly chemical precipitation may 

* Presented at the Thirteenth Annual Meeting of the California Sewage Works Associa- 
tion, San Diego, Sept. 16, 1940. 
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be adaptable in some plants where only seasonal treatment is required 
and where extremely low B.O.D.’s are not necessary, but may be en- 
tirely out of place where requirements are more exacting. 

Regardless of how or by whom a process or particular piece of 
equipment is introduced in the sanitary field, it will not survive if it 
cannot show definite advantages. These advantages may be tangible, 
in that better results are secured or that savings in installation or op- 
erating costs will result. Or they may be intangible in that greater ease 
of operation, a better appearance, or elimination of odors, ete. are ob- 
tained. These intangible advantages often seem remote from the dollar 
sign, but nevertheless they are very real. 

With these facts in mind, a more concise evaluation of past and cur- 
rent developments and their effect on future trends in sewage treatment 
may be obtained. 

Considerable progress has been made in unit operations and in 
processes or flow sheets comprising combinations of these unit steps. 
Of the former, the advances made in screening, aeration, trickling filters, 
effluent filters, digestion and various methods of sludge dewatering are 
outstanding. Likewise, major process developments have dealt with 
raw sewage flocculation, high rate filtration and sludge elutriation. 
Noteworthy work is also being done on improvements in grease removal, 
sedimentation, chemical treatment and sludge drying. Time would not 
permit a detailed discussion of all of these phases of sewage treatment. 
Moreover, in view of the excellent review presented by Dr. Mohlman 
in the February, 1940, issue of Water Works and Sewerage, such a de- 
tailed discussion would be superfluous in certain of its aspects. The 
intention here is rather to present the writer’s opinions regarding the 
possible future outlook of sewage treatment in relation to past and 
present developments and present trends. 


ScrEENING 


At an overwhelming number of plants being designed or under con- 
struction, sewage screenings will be ground and returned to the raw 
sewage. In the United States ‘‘Comminutors’’ are being used ex- 
tensively for small plants, while separate screens and shredders appear 
to be favored for the larger installations. In England and Holland, 
where most of the sanitary activity in Europe has been going on since 
the outbreak of the war, a shredder pump known as the ‘‘Gargantua’’ 
disintegrator is being widely used, mostly in connection with mechani- 
cally cleaned bar screens. Figure 1 shows the vertical type of this unit. 
One form of this disintegrator is capable of delivering the ground 
screenings against high heads. Such an arrangement would be ideal 
for the preferable introduction of the screenings directly into a digester. 
Unfortunately, however, a large volume of liquid is necessary to convey 
the screenings through the unit, and therefore this procedure is not 
practical. 

Regardless of the type of screenings shredder employed, it appears 
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that the quantity of scum in the subsequent settling unit is increased 
when the ground screenings are returned to the sewage. Greater di- 
gester scum difficulties have also been reported. Overloading of sepa- 





Fig. 1.—Electrieally driven self-contained type vertical spindle ‘‘Gargantua’’ disintegrator. 
: YI I g g 


rate shredders is often encountered when a screen rake dumps its load. 
The operation of the screen rake, conveyor and shredder may be regu- 
lated by an interlocking timing device. 
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Grit REMovAL 


Mechanical removal and washing of grit is being and should be 
more generally adopted in both small and large plants. Area rather 
than velocity is now considered the most important factor in grit 
chamber design. Proportionate flow weirs are unsatisfactory in regu- 
lating velocities in grit channels because although they maintain a 
constant average velocity, a relatively high velocity is set up along the 
channel floor. This velocity is often of such intensity that settling fine 
erit is carried out over the weir of the collecting channel. 

Well washed grit is satisfactory for use as fill, for roadway surfac- 
ing around plants and as a substitute for sand in replenishing sludge 
drying beds. 

GREASE REMOVAL 

Pre-aeration of sewage for grease removal is now generally re- 
stricted to plants receiving considerable quantities of industrial waste 
such as packinghouse waste. The use of chlorine for increasing the 
separation of grease is being tried at a number of plants. To date 
there is no conclusive proof available that chlorine is beneficial in this 
step. 

Regardless of the efficiency of grease separating tanks built to date, 
a considerable portion of the grease separated from sewage is released 
in the primary sedimentation tank. Efforts are now being made to 
secure an almost complete separation in specially designed skimming 
units. 

Outside of California, where grease and scum problems are more 
acute, than in other sections of the country, it is questionable whether 
grease skimming will be adopted in the future except possibly in a few 
large plants, chiefly of the activated sludge type. 

CLARIFICATION 

Research work on clarification has been mainly along the lines of 
improving feed distribution and effluent take-off. A number of model 
tests based on hydraulic similitude have been made wherein dye deten- 
tion periods were observed. Such tests while interesting are of little 
direct value in determining the effectiveness of a settling tank for re- 
moving solids. Tank surface area and not detention period is the chief 
factor that influences clarification. This is true in raw sewage as well 
as activated sludge settling. The present tendency is to use design 
overflow rates of not more than 800 gal./sq. ft./24 hrs. in small plants 
for all classes of settling. Overflow rates not exceeding 1200 gal./sq. 
ft./24 hrs. are frequently used for large plants. 

Two-stage primary settling, such as is being practised at Mogden, 
England, has been found to be only slightly better than single-stage set- 
tling. In other English plants two-stage settling of activated sludge 
has been likewise found to be ineffective as far as the clarity of the 
effluent is concerned. However, a more readily settleable activated 
sludge has been obtained by returning only coarser sludge that settled 
in the first tank. 
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Raw Sewace Fioccunation ( 
° ‘ ] 
It has been amply demonstrated and is now an accepted fact that 
mechanical flocculation will increase the efficiency of raw sewage clari- 
fication. Table I shows some typical plant results. At Ypsilanti, 
TaBLeE I.—Plant Resulis—Raw Sewage Flocculation f 
z Suspended ( 
Detention, hrs. | & Solids, 
5 p.p.m. ¢ 
Plant 5 sin doa Remarks Source ( 
3 ~ | &$ 
¢| g¢ |Ss)2| 3 $8 
Fe O joe} a] & | am 
ee ates Saale Ea Rite an , 
Ypsilanti, 0.40} 1.87 805) 155) 66 | 57.4) Parallel tests Fischer and Hillman, ; 
Mich. 0 | 2.31 790| 155} 82 | 47.2 Sewage Wks. Jour., 
March, 1940 ‘ 
Cedar Rapids, | 0.67) 1.90 662} 208) 96 | 53.7) Parallel test Fischer and Hillman, ] 
Iowa 0 | 1.90 | 662| 208} 126 | 39.3) Domesti: sewage Sewage Wks. Jour., ‘ 
March, 1940 
Los Angeles, | 0.50) 2.0 — | 275) 64 | 76.8} Parallel tests Smith and Studley, 
Calif. 0 | 2.0 — | 286) 91 | 68.2) Experimental Sewage Wks. Jour., 
plant July, 1940 
Denver, 0.33] 2.79 628) 145) 43 | 70.0) 1939 plant opera- | C. P. Gunson, Supt. ] 
Colo. 0.33) 2.79 628] 145) 35*) 75.8) tion Denver Sew. Disp. 
Plant, 1939 Operating 
Report 
Cedar Rapids, | 0.58) 1.67 ea.| 733] 490) 143 | 70.8) Pre-settling ahead | Green and McIntyre, ; 
Iowat of flocculation Water Wks. and Sew., ] 
and settling October, 1937 
1 | 0.50) 3.00 440} 517/ 112 | 78.4 Clarifiers in ( 
parallel after 
flocculation 
| ( 
* Effluent after filtration through magnetite filters. 
¢ Packing house waste. ( 
l 
Cedar Rapids and Los Angeles, results directly comparable with plain 
settling were obtained. Tests have been made and are still under way 
to determine the effect of the addition of various types of sludge to raw 
sewage ahead of flocculation. 
Striking results have been obtained where 2.0 per cent activated ( 
sludge was added. Results are given in Table II. These results indi- ' 
TaBLeE II.—Effect of Adding Activated Sludge in Raw Sewage Flocculation 
Floe. Settling Suspended Per Cent 
Time Time Solids, p.p.m. Removal* 
oy on ee 0 0 368 — | 
7) i Se ee 0 60 166 54.8 
RE ae 30 30 103 71.5 | 
Raw Sewage + Activated Sludge... 0 0 497 — 
Raw Sewage + Activated Sludge... 0 60 132 64.0 
Raw Sewage + Activated Sludge... 30 30 44 88.0 ; 

















* All removals based on raw sewage. 
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cate distinct possibilities for bio-flocculation wherein a small amount of 
raw sludge is activated and used as a source of return sludge. At Hil- 
versum, Holland, the return of humus sludge in sufficient quantity to 
double the amount of dry solids in the feed to a combination type 
flocculator-clarifier, greatly improved the settling efficiency of trickling 
filter effluent. 

The fragile nature of raw sewage flocs cannot be overemphasized. 
Great care must be exercised in transferring the sewage from the floc- 
culator to the clarifier. Sudden change in direction, and velocities in 
excess of 1.5 ft. per second will at least partially undo some of the work 
accomplished by the flocculation step. 

More benefit may be derived from flocculation by increasing re- 
movals at normal clarification periods and overflow rates than by at- 
tempting to obtain the same removals at lower detentions. Indications 
are that flocculation to improve the efficiency of raw sewage and trick- 
ling filter effluent settling will be used extensively in the future here 
and abroad. 


CHEMICAL TREATMENT 


The boom days of chemical precipitation are over. This does not 
mean, however, that chemical treatment is a thing of the past, but 
rather that it has found its proper niche. It still deserves considera- 
tion where only seasonal or part-time treatment is required, as an 
adjunct to biological treatment, where industrial wastes are discharged 
into the sewerage system, or for odor control. 

It still remains a puzzle why alum is superior to ferric salts as a 
coagulant for some sewages while the reverse is true of others. It 
is equally strange that pre-settling reduces the coagulant requirements 
of some sewages while it increases that of others. 

Carbonation of highly alkaline sewage has been found to reduce 
chemical requirements and also aids in subsequent biological treatment. 
Tests on sewage ozonation have been made and have given some prom- 
ising indications where iron was present in the raw sewage. This 
method of treatment has not been carried along far enough, however, 
to be seriously considered in future plant design. 

As a rule chemical treatment cannot compete with biological proc- 
esses in producing an effluent of low B.O.D. It can, however, produce 
sparkling clear effluents low in suspended solids. 


AERATION 


Large activated sludge plants have been of the diffused air type with 
average aeration periods of five to six hours. Small plants most 
usually use mechanical aerating devices. A considerable number of 
the latter have been of the combination type, wherein the aeration and 
settling compartments are in a single tank. The trend is toward con- 
servatism in establishing design aeration periods in the small plants, 
a minimum of eight hours being preferred. It is hoped that the days 
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of impossible guarantees regarding power requirements and _ effluent 
standards are over in regard to mechanical aerators. 

Only two combination paddle-wheel diffused air types of aerators 
have been installed recently. In both cases the paddles are in the last 
half of the tank. 

Considerable attention has been given to ‘‘tapered’’ aeration. In 
one form, all the settled sewage is admitted at the head end of the 
aerator and the air is tapered, while in another the air is held sub- 
stantially constant along the channel, but fractions of the settled sewave 
are admitted at various points along the first half of the aeration unit. 
Both methods have points in their favor. Attempts have been made, 
however, to mathematically determine exact air distribution, return 
sludge requirements, ete. Evidence to date indicates that all such 
formulae are empirical and are not generally applicable. Apparently 
the safest way to determine air requirements and distribution is by 
frequent dissolved oxygen tests at various points along the. aeration 
channels. Asa rule where about 2.0 p.p.m. of dissolved oxygen is main- 
tained, satisfactory aeration should result. Development work is now 
under way on an automatic dissolved oxygen recorder. Such an instru- 
ment should be of inestimable value to the plant operator. 

There has been renewed interest in England regarding pressure 
aeration, wherein the tanks are covered and a pressure higher than 
atmospheric maintained above the liquid surface. The theory behind 
this system is that the increased pressure increases the dissolved oxygen 
content of the mixed liquor and so increases the aeration efficiency. 
Claims have been made that detention can be reduced to one-quarter 
and air requirements to one-eighth. It is very doubtful whether com- 
parative tests would show such advantages. Reports some years ago 
on a commercial sized unit in Germany were not too enthusiastic. 

Should the progress in high rate filters continue at its present pace, 
the use of the activated sludge process will be restricted chiefly to large 
plants in the future. 

Tricktinc Finrers anp High Rate Fiurration 

The considerable advances in trickling filter and distributor de- 
sign, and the world-wide acceptance of ‘‘high rate’’ filters indicate 
that this method of treatment is here to stay. At present two high 
rate systems are being advocated. These are the ‘‘Biofilter’’ and the 
‘* Aerofilter.’’ Biofiltration covers a system wherein filter discharge 
material is recirculated to a clarifier ahead of the filter. The aerofilter 
covers a process involving the uniformity of application of the filter 
feed over the surface of the filter bed. 

Another type of filter that has had a more limited use in the United 
States on packinghouse waste, is the ‘‘ washable filter’’ wherein the filter 
unit is back-washed with air and effluent according to a fixed procedure 
when it becomes clogged. In England considerable success has been 
reported on the treatment of milk wastes by ‘‘reversible filters,’’ where 
two filters are operated in series, the sequence of operation being re- 
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versed when the primary unit becomes clogged. In England, Germany 
and South Africa, ‘‘enclosed filters’? have been built, wherein the filter 
bed was entirely enclosed, ventilation of the bed being obtained by a 
suction fan. 

From representative data obtained to date, it appears that artificial 
ventilation of the bed is not required, at least where shallow beds or an 
adequate underdrainage system is provided. Also shallow beds are far 
more efficient than deep beds per unit of volume where both low and high 
rates of filtration are used. Filters should be rated on their capacity 
to remove B.O.D. rather than on the dosing rate of the applied sewage. 
Biofilter test data indicates that the B.O.D. loading varies with the 
strength and characteristics of the sewage. Figure 2 shows B.O.D. re- 





Fig. 2. 


movals at various loadings and with different strength sewages for filter 
beds three feet in depth. It indicates that the removals increase as the 
streneth of the sewage increases. With distillery waste having a 
B.O.D. of 18,000 p.p.m., removals of 16 Ib./eu. yd./day have been ob- 
tained. Where very strong sewages are encountered or where a high 
quality effluent is desired, a two-stage filter system should be employed. 
Such a system has recently gone into operation at Liberty, N. Y., where 
the sewage is very strong during the summer months. Although this 
plant has been operating less than two months, it has been turning out 
a satisfactory effluent with daytime raw sewage B.O.D.’s of over 
900 p.p.m. 
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Distributors of various designs are now available that assure ap- 
proximate uniformity of distribution under a wide variation in flow con- 
ditions. Provided the maximum permissible B.O.D. loading of the filter 
is not exceeded, satisfactory operation of the filter may be obtained at 
dosing rates up to the point where flooding of the bed oeceurs. With 
normal sizes of filter stone, this is 100-120 m.g.a.d. It is questionable 
whether there is any ‘‘twilight zone’’ between dosing rates of 4 to 10 
m.g.a.d. where it has been reported that a filter will clog. To date no 
synthetic material has been produced that can complete economically 
with crushed rock as a filter medium. 

Acceptance of high rate filters for large plants will probably be de- 
layed pending the accumulation of long-time reliable records of small 
installations. 


KFFLUENT FILTERS 


Continued use of effluent filters is predicted where ‘‘polished’’ efflu- 
ents are desired. Interest is also being given to the direct filtration of 
raw sewage and trickling filter effluents with and without pre-floecula- 
tion. It would appear, however, that at least a short period of pre- 
liminary settling will be required in the case of raw sewage. The most 
recent magnetite filter installation at Liberty, N. Y., is reducing the sus- 
pended solids and B.O.D. of the two-stage biofilter effluent from 30 
p.p.m. down to less than 15 p.p.m., while the turbidity is reduced from 
10 p.p.m. to 5 p.p.m. 

Downflow: circular magnetite filters have been found to be more 
satisfactory than rectangular or upflow circular units. Fine sand is 
preferred with average filter rates of 2.0 gal./sq. ft./min. 


SLupGE DIGESTION 


Two-stage digestion with flexible piping systems so arranged that 
the digesters may be operated in parallel is the rule. The question 
whether or not mixing in a digester is beneficial is apparently still a 
controversial one. It is rapidly being clarified, however, by an ever in- 
creasing accumulation of data that tends to show that stirring is of 
benefit in increasing gas production and reducing scum. <A new type of 
mixer, first installed at Yakima, Wash., showed that surface seum could 
readily be pulled from the periphery to the center of a 40 ft. dia. tank 
and submerged at very low power consumption. The comparative tests 
at Los Angeles showed the most striking differences in gas production 
with and without mixing. A survey of long-time plant records com- 
piled by F. G. Nelson has shown that it is difficult to correlate digestion 
results at different plants. Striking differences in gas production, how- 
ever, were noted with and without stirring. These differences are 
shown graphically in Fig. 3. 

Interest in thermophilic digestion has been revived by the reports of 
the Los Angeles tests. Contemplated large-scale operations will be 
watched with interest. 
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1 
)- The digestion of activated sludge continues to be a problem because 
- of the low solids concentration of the sludge after digestion, and the 
r high solids content of the supernatant liquor. Some thought has been 
given to the elimination or minimizing of overflow liquor by concentrat- 
nl ing the sludge ahead of digestion, or to the treatment of the overflow 
a before it is returned to the plant. Upward filtration of supernatant 
) liquor through a bed of 1% in. stone has long been practiced at Birming- 
) ham, England. Here the supernatant was heated to 72° F. and re- 
; turned to the digester for the purpose of heating the digesting sludge. 
Whether this scheme would work with high solids in the liquor would 
: have to be determined. 
| 


GAS PRODUCTION—Effect of Rapid Stirring 


RAPID |STIRRING 


CU.FT.GAS PER POUND VOLATILE MATTER DESTROYED 


PERCENT VOLATILE MATTER IN RAW SLUDGE 
Fig. 3. 


The Birmingham sludge heating scheme would not work if higher 
digester temperatures were required, as the solids contained therein 
would become colloidal in nature. External sludge heaters are beecom- 
ing more popular in Europe but have not been widely adopted in this 
country. Should stage thermophilic digestion become established, it is 
almost certain that external heaters will be required. 

‘‘Dry’’ digestion or stabilization of raw sludge dewatered on drying 
beds or by filters or centrifuges is still in the experimental stage. This 
process is aerobic and thermophilic. It is doubtful whether it will 
prove commercially attractive in the near future. 


StupGe DEWATERING 


The vacuum filter is still the preferred device for dewatering sludge. 
In small or medium sized plants, however, unless unusual conditions 
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prevail, the use of anything but sand drying beds for dewatering di- 
gested sludge is questionable. 

Sludge elutriation is being used to a greater extent. Its use is well 
justified on digested mixed sludges which ordinarily require very heavy 
doses of conditioner. The general inclination is away from primary 
raw, or raw mixed sludge filtration in favor of first digesting the pri- 
mary sludge fraction. A plant is at present under design for Colne 
Valley, England, where the primary raw sludge will be digested, elutri- 
ated and then mixed with thickened activated sludge ahead of the filtra- 
tion step. 

In England a method of heat conditioning raw sludge ahead of 
thickening and dewatering by vacuum filters or filter presses has been 
developed. In this method the sludge was pressure cooked at 150 Ih. 
Advantages are that no conditioning chemicals are required, and high 
filter rates and low cake moistures are obtained. Disadvantages are 
that the process has many complications, is odorous, and produces a 
separated water high in B.O.D. that would require biological treatment. 
It is doubtful whether this process would be at all applicable in the 
United States or find any extended application abroad. 

A considerable amount of experimental work has been earried out 
with centrifuges for the purpose of concentrating activated sludge 
ahead of digestion, and for dewatering raw and digested sludges for 
final disposal. For waste activated sludge concentration, it has been 
conclusively shown that thickeners are more satisfactory and economical 
than the centrifuges that have been tried to date. Chlorination is of 
decided advantage in the thickening step. 

In dewatering raw and digested sludges the application of centri- 
fuges appears to have limitations, due to the relatively high solids con- 
tent of the centrifuge effluent. In the case of both sludges, the fine 
solids in the effluent will resettle when recycled to the raw sewage ahead 
of clarification. 

It has been demonstrated at two plants that raw sludge may be satis- 
factorily handled without building up an excessive quantity of fines in 
the circuit or causing an increase in suspended solids in the clarifier 
effluent. At both plants the plant removals did not exceed 50 per cent 
and the sludge volatile matter content was normal. In the case of di- 
gested sludge, however, fines did build up in the cireuit to a point where 
the recovery of solids in the centrifuge fell below the point of economical 
operation. Digested sludge or raw sludge that centrifuges with high 
solids loss in the effluent can be handled, provided the effluent is not re- 
turned to the system, or if only part of the total sludge production is 
centrifuged. A possible application is where existing sludge dewater- 
ing facilities are overloaded. 

Open circuit test data obtained at Red Bank, N. J., on raw and di- 
gested sludges are shown in Figs. 4 and 5. It will be noted that higher 
recoveries were obtained with the raw sludge. 

A continuous type of solid bowl centrifuge, as shown in Fig. 6, such 
as was used in these tests, has been in operation at Cedar Rapids, Ia., 
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for dewatering digested sludge. The cake is removed continuously 
from this unit by a spiral conveyor which rotates at a slightly higher 
speed than the conical bowl. 


Stupce Dryine ann INCINERATION 


Interest in sludge drying is mounting at the expense of incineration. 
This is due to the present market available for the sale of dried sludge 
as a fertilizer or as a fertilizer base. Experiences at Chicago and else- 
where should be ample evidence of the fact that where incineration is 


CAKE %eMOISTURE 


% RECOVERY OF FEED SOLIDS AS CAKE SOLIDS 


2 
Fig. 4.—Raw sludge, Red Bank, N. J. 18 in. Bird centrifuge open circuit operation feed 

rate vs. per cent recovery and cake moisture. 

Primary clarifier removal = 46 per cent. 

Bowl speed = 2000 R.P.M. 


Conveyor differential = 12.5 R.P.M. 
Bowl volume = 5 gal. 


considered justified, provision should be made in the design of the in- 
cinerator unit for operating it as a dryer when occasion demands. 

All types of incinerators are costly to operate and require close 
supervision. Their use in small or medium-sized plants should be 
avoided unless other means of ultimate sludge disposal are not avail- 
able. However, where a cheap source of fuel such as digester gas is 
available, drying the sludge for use as a fertilizer may be justified even 
in small plants. 
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GENERAL OUTLOOK 


As no basically new methods of sewage treatment have as yet ap- 
peared on the horizon, it is possible that future trends and develop- 
ments will continue along the lines of improving present unit operations 
and combining them in various ways. In the United States consider- 
able emphasis will undoubtedly be given to the needs for small plants 
and improvements to existing installations. The number of new large 
plants to be built appear to be relatively few. 
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Fic. 5.—Digested sludge, Red Bank, N. J. 18 in. Bird centrifuge open circuit operation 
feed rate vs. per cent recovery and cake moisture. 


Bowl speed = 2000 R.P.M. 
Conveyor differential = 25 R.P.M. 
3owl volume = 5 gallons. 


The rest of the world seems to be now definitely following our lead 
in all types of treatment. Progress has been slowed down in Kurope 
due to the war, but latest advices are that public works programs have 
been instituted in the oceupied countries of Central HMurope, chiefly in 
Holland, where plants using raw sewage flocculation, high rate filters, 
and sludge elutriation and filtration are being designed. In Germany 
there is a definite swing in opinion away from land disposal back to- 
ward biological treatment, but as far as is known, no new plants are at 
present being projected. The activated sludge process is still the most 
popular method of complete treatment in England, although consider- 
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able interest is being now given to high rate filters. Work on the par- 
tially completed activated sludge plants at Paris and Madrid has been 
resumed. The first modern treatment plant in Portugal, a combination 
chemical treatment-activated sludge plant at Braga is under construe- 
tion. In South America a number of modern types of plants have been 
installed or are contemplated. These include plants with chemical pre- 
cipitation, high rate filters and stage digestion. In Japan, where acti- 
vated sludge treatment has been used extensively, all sewage treatment 
plant construction has been halted, due to the war, but there has been 
increased activity in India and in South Africa. 


FIGURE 6 





Fia. 6. 


Considering all facts at hand, it is apparent that there should be a 
construction boom in Europe and other foreign countries at the end of 
the present hostilities, and that a good share of this work will be al- 
lotted to sewage treatment plant construction. In this country where 
we have more direct interests, the general outlook should also be bright 
and will undoubtedly be bolstered by intensive activity in industrial 
waste treatment. 

Discussion 


By Harotp Farnswortu Gray 


Sanitary and Hydraulic Engineer, Berkeley 


Dr. Fischer has presented an excellent exposition of the subject. 
There are however, a few points on which either an aecentuation is de- 
sirable, or a different viewpoint may be useful. 

He says ‘‘eyeles are usually stimulated by intensive commercial ac- 
tivity along certain lines. The trend away from activated sludge treat- 
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ment toward chemical precipitation, and then to high rate filters ex- 
emplifies this eyelic trend.’’ It may be significant that the patents on 
activated sludge treatment ran out about the time the trend away from 
it began, and the trend toward high rate filtration began about the tine 
that several patents were taken out on certain features pertaining to 
methods of application, recirculation, ete., though the basie idea of high 
rate filtration is probably not patentable. 

The tendency has been for engineers of inadequate experience or 
training to slavishly follow the current trend in treatment, perhaps as 
the line of least resistance either to the importunities of equipment rep- 
resentatives, or to the demands of non-technical city fathers for the 
latest mode or fashion in sewage treatment. In the original manuscript 
of the Report of the Committee on Sewage Research of the Federation, 
published in the March, 1938, issue of Sewage Works Journal, 1 wrote 
(see page 190) ‘‘It is interesting to note that eight of the thirteen new 
plants on the Raritan River watershed are chemical precipitation plants, 
which indicates either a special adaptability of this process to that par- 
ticular situation (perhaps a wide seasonal fluctuation in requirements) 
or possibly there has been a too slavish aping of the current mode in 
sewage treatment.’’ However, Professor Phelps thought that the last 
clause of my statement was either tactless or too emphatic, and that 
part of it was eliminated from the printed report. But as a generaliza- 
tion the criticism had and still has a valid basis. 

The current trend needs to be viewed always with the cold eve of 
suspicion, for fashions come and go, but principles remain. Much of 
our difficulties in the field of sewage treatment lie in the unwillingness 
of public bodies, especially in the smaller cities, to support the expense 
and time and careful study required for really adequate analysis of all 
the conditions controlling any sewage disposal situation; another con- 
tributing factor is the failure of some engineers to appreciate the neces- 
sity of making such adequate studies, of selecting the type of treatment 
process according to conditions rather than of fashions, and of having 
sufficient backbone to tell the city council, rather than of having the city 
council tell them. 

With regard to sereening, I am still unconvinced as to the advisabil- 
itv of returning ground screenings to the influent. If vou have once 
taken the stuff out, why put it back? I feel that this matter deserves 
the application of better logic, plus some mechanical ingenuity. 

Dr. Fischer states ‘‘It is questionable whether grease skimming will 
be adopted in the future except possibly in a few large plants, chiefly of 
the activated sludge type.’’ I think that here he has failed to visualize 
the problem of disposal of large volumes of partially treated sewage 
into oceans, bays and estuaries, where grease removal may be desirable 
to reduce field visibility or to minimize beach or shore contamination. 

My prior remarks concerning a too eager tendency to follow the pre- 
vailing mode or fashion in sewage treatment applies with special empha- 
sis to high rate filtration, which Dr. Fischer has reviewed concisely 
and well. This is most important where large quantities of effluent are 
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returned for dilution or the smoothing out of loadings. The added con- 


n struction costs for the aecessories such as extra settling basins, pumps, 
n and piping, and added power, repair and maintenance costs, need fur- 
e ther analysis and comparison. <A very sceptical comparison of com- 
) plete and accurate cost data is much needed here. The speaker is still 
2 far from econvineed as to the long range economies of high rate filtration, 

in spite of the rather roseate picture painted in some reports. Further- 
: more, there seems to be need for a distinction between the functions of 
; rock filters, both standard and high rate, as floceulating devices and as 
. oxidizing devices. There is need for further investigation into these 
associated but perhaps relatively independent phenomena. 


| Dr. Fischer’s last paragraph regarding a construction boom in sew- 
age treatment seems to me to be overly optimistic. The current hostili- 
. ties appear to me to be but one active phase in a clash of ideologies 
which may continue for possibly a century or more before a final settle- 
ment is achieved; peace will be merely armed truces as resting periods 
for recuperation in the main conflict. At the conclusion of the present 
active hostilities Hurope probably will be too broke and too exhausted 
for much new construction in the field of sanitation, and the forward 
view is for a marked impairment of the public health as a result. In 
this country, the continuous piling up of all forms of public debt, even if 
we succeed in avoiding, for the present, actual war and its end results 
of panie and depression, will in the not too distant future result in the 
drying up of all forms of public credit, and the practical cessation of 
public works construction. It will also curtail industrial activity, and 
reduce any possibility of expansion in the field of industrial wastes 
treatment. 

















ACHIEVEMENTS IN SEWAGE TREATMENT IN 
NEW YORK STATE DURING THE 
PAST DECADE * 


By Eart DevENpDOoRF 


Assistant Director, Division of Sanitation, State Health Department, Albany, N.Y. 


The increasingly important part being taken by the United States 
in a complicated and war-torn world has served to subordinate all 
ordinary functions of local, state, and national government activities 
and to place emphasis on those functions dealing with national defense. 

At first thought it might seem, therefore, somewhat out of place to 
discuss the accomplishments in sewage treatment in New York State 
on the theory that sewage treatment is an ordinary function of govern- 
ment. It must be acknowledged, however, that the protection of the 
health and welfare of the nation is of first importance in any program 
relating to national defense. 

Today great emphasis is being placed on the importance of the pro- 
tection of all public utilities to prevent sabotage that may affect the 
lives as well as the industries of the nation. The equal importance of 
sewage treatment becomes apparent when it is considered that the 
water supplies of about three-quarters of the population of our state are 
derived from surface water sources, some of which a few years ago were 
at certain times polluted beyond the ability of safe treatment as based 
on recognized standards of safe, raw water supplies. 

Although the abatement of stream pollution has been one of the main 
functions of the State Health Department since the passage of the so- 
-alled Anti-Pollution Bill in 1903, the efforts to clean up stream pollu- 
tion in New York State were greatly intensified beginning in 1930. As 
a result of this intensified program and the opportunity of obtaining 
Federal aid, more persons are served by sewage treatment plants con- 
structed during the past ten years than were served by plants con- 
structed during the previous thirty vears. This intensified program 
provided for the abatement of stream pollution as rapidly as possible 
within economic limitations. Moreover the sewage treatment plant 
program also acted as a means of affording relief of unemployment 
during the period of the depression and was financed largely with Fed- 
eral aid at a great saving to the taxpayers. This program was both 
timely and fortunate from the standpoint of preparing our cities and 
industries to shoulder their share of the defense program of the nation. 

An account of the ‘‘Policies and Progress in Sewage Treatment in 
New York State’’ was outlined at length in a previous paper which was 
published in the March, 1936, issue of This Journal. Moreover, papers 
on pollution abatement in the Long Island, Westchester, Metropolitan, 

* Presented at the Thirteenth Annual Meeting of the New York State Sewage Works Asso 
ciation, New York City, January 18, 1941. 
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Tas_E I.—List of Completed P. W. A. Sewer and Sewage Treatment Projects from 1934-1940 


Municipality 


Albany-Schenectady Road 

District 
Albany.... 
Alfred. . 
Ardsley 
Auburn. 
Ballston Spa. 
Bath... 
Belgrave District . . 
Buffalo 


Canajoharie 


Canto. 2. 0. 
Carmel District No. 1, 
Mahopac........ 

Cedarhurst 

Cedarhurst 

Chatham : 
Chappaqua District 
Clinton. . 
Cobleskill 
Cornwall ae hth Set 
Cornwall District... . 
Cortland 
Croton-on-Hudson 
Delmar-Elsmere District, 


Bethlehem Town......... 


BAAN fcr tii sds 2 
Klmira 
Elmira 
Elmsford 
Fre eport 


Cis g6 (1d 61 1, ae ae 


Geneva. . 
Geneva. 
Glens Falls 
Goshen 


Grand Island District No. 2. 


Great Neck ve 

Greece Dist. No. 1. ...... .. 

Green Acres Dist., Hemp- 
stead Town. 


Hamburg... . 
Hastings-on-Hudson 
Haverstraw... .. 
Hempstead. . 

Hempstead 
Herkimer 
Highland District. . 
Highland Falls... . 
Hudson Falls 


Ithaca... 


. Comprehensive system 


. Sewer system... 
. System and treatment works 


. System 


. Sewage treatment plant... .. 
. Sewer extensions... .. 


. Sewage treatment plant 


. Sewer extensions... . 
. Sewer extensions... .. 


Nature of Work 


Sewer system and sewage treatment plant. . 
Relocation Beaver Ck. sewer.......... 
Improvements and enlargements to treatment plant 


Intercepting sewers and treatment plant 
Treatment plant enlarged and improved 
Sewer system and sewage treatment plant. . 


=, PTOMUMICTIG WOPFKS .<..655 6. bss tore ou8aisud-s.eie.ee-s 


Interceptors and treatment plant 
Sewage treatment works and incinerator. . 


. Treatment works. .........c.065 c.0ee 


SRDOO UIUC ATNIS 255, oe scp iiciuis Sone eed os Be 
. Sewer system and treatment plant. . . 


Sewage treatment plant... . 


. Sewage treatment plant and incinerator. . 
. System and treatment plant... 
. Sewer system and sewage treatment plant. . 


Sewage treatment plant. . 
SSUOLIOOUAINS 5 soe ik ove aw were aed ek one acua 
Additions to sewage treatment plant and sewer ex- 
EERO ees Socal fisted Rus, debratie. SG-4 
Intercepting sewers.................. 
Comprehensive system . 
Improvements to treatment plant 
Additions to sewage treatment plant... 
APOCRINE WOLKS sz. 3.4 acide Saar eae 
Mile Point sewage treatment plant... . 


Improvements to treatment plant... ... 
Sewer system and treatment plant 


. System and treatment works 


Sewer system and treatment plant 


Sewer system and treatment plant....... 
Additions to sewage treatment works... . 
Connections to trunk sewer.............. 
Interceptors and sewage treatment plant. . . 


Treatment plant and incinerator 


. System and treatment works... .. 
. System and treatment plant... 


Sewer system and treatment plant 
Additions to treatment plant... . 





Estimated Cost 


$ 


225,000 
88,075 
36,000 

190,000 

830,000 
82,000 

147,000 

115,000 


15,000,000 


60,000 
44,000 


75,000 
460,000 
15,013 
225,000 
31,000 
50,000 
77,000 
213,000 
210,000 
314,700 
46,000 


180,000 
359,400 
148,000 
439,000 
260,000 
56,000 
70,000 
180,000 
27,500 
230,000 
52,000 
40,000 
665,000 
075,000 


160,000 
59,716 
22,430 

367,900 
26,639 

659,361 
80,000 

150,000 

273,000 

268,300 

125,000 











Municipality 


Livonia. 
Lockport. . 
Lowville.... 


Malone. . : 
Manchester...... 
Maybrook eine 4s 


Mohawk....... 
Mount Morris. . . 
Newfane District . 
New York City 
New York City 
Niagara Falls... . . 
North Collins . 
Norfolk District 
North Tarrytown 


Ossining (2 plants) . 
Oswego. 
_ earl River District 


Pleasantville. . . 
Plattsburg . 
Port Leyden..... 
Rensselaer... ... 
Riverhead District . 
Rockville Centre. . 
Rochester......... 
Rochester........ 
272 [ee 
Schuylerville.......... 
Sheldrake Dist., Fallsburg 
{Cr 
Shortsville..... 
South Fallsburg Dist. 
South Nyack 
Stella District 
Stillwater..... 
Suffern... . : 
Tarrytown ............. 
Tonawanda........... 
Tonawanda Dist. No. 2 
Waiden......... 


J Lt 


(LOTS 


Westchester County 
Westchester County 


* Under construction. 


LAOS ee en ae 


Waterviiet.. ............. 


Watkins Glen........... 
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TABLE I.—Continued 


Nature of Work 


Sewer system and treatment plant........ 
Interceptors and treatment, plant 
Sewage treatment plant......... 


Additions to sewage treatment plant. ..... 

Intercepting sewers and sewage treatment wakes. 

Sewer system and treatment plant......... 

Completion of system and construction of treatment 
FRB rep ore nc hh ee feiss ite alg ee woh ie Gye 

Sewage treatment plant....... 

Additions to sewage treatment plant 

System and treatment plant...... 

Coney Island treatment works : 

Ward’s Island sewage treatment plant 

Interceptors and treatment, plant 

Sewer system and treatment plant... . . 

Sewer system and treatment plant... .. 

Interceptors and treatment plant 

Interceptors and treatment plant... .. See ae 

Sewage treatment plant....... 

Interceptors and treatment plant 

Interceptors and treatment plant. . . 

Sewer system and treatment plant......... 

Additions to sewage treatment plant.............. 

Sewer system and treatment plant............... 

Sewer extensions ; ; 

Interceptors and treatment ph ge eee eee ee 

Sewer system and treatment plant........ 

PRN MERCRISEONIS eco cra asi elvis osha ee eae Se 


Sewer system and sewage treatment plant. 


Sewer extensions. 
Treatment works (duplication of Heonitinns wit sas int) 
PoE RT AM ANTAMRES 12 obser tats whale cee amos Sethe ney as ecocsce ae an 
Sewer extensions 
Sewer system and treatment plant............... 


Sewer system and treatment works. .............. 
Sewer system and treatment plant... ... 

Sewer system and treatment plant........... 
Sewage treatment plant. ...... 
System in town of Dickinson. ............. 
Sewer system and treatment plant............... 
Sewer system and treatment works............... 
Deware treatment lant... 5 .........2 2065 .05000. 
Sewage treatment and incinerator... . 
Additions and alterations to sewage treatment plant 


System and treatment works....... 

Sewage treatment and incinerator. .......... 
Sewer system and treatment plant............. 
pewage treatment plant. ...........6...22600608% 
Treatment plant. 
Saw Mill project teenk sewers... .. 
NO. MONKETS TURK SOWETS <5. 66. oe ec eee ed 








Estimated Cost 


SO,000 
1,250,000 
15,000 
60.000 
10,000 
135,000 


66.000 
26.600 
14.364 
147,000 
900,000 
245,000 
975,000 
SS 000 
92.000 
100,000 
120,000 
268,300 
300,000 
160,000 
525,000 
49.350 
85,000 


Noo 


52. HG 
340,000 
60,000 
12,606 
459,000 
275,000 
423,000 
905,000 
64,825 
164,000 


SS 000 
160,000 
279,000 

50.000 

69,000 

90,000 
185,000 
389,400 
515,600 

96,000 
225,000 
354,000 

79,000 

80,000 

58,000 
360,000 

2,085,000 
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TaBLeE [.—Continued 


Municipality Nature of Work HNstimated Cost 


Westchester County......... Blind Brook:tramk sewers... ... cca ccecc cae eces 209,000 
Westchester County......... So. Yonkers trunk sewers... . . 2 6.5.6 e ase cee ees 928,000 
Westheldl .< o. sscc. 000009 «oss DOWARE EPERUMENE PIANG ok cee eee ee eee ei 125,000 
West Haverstraw........... System and treatment plant................-... 155,000 
West Long Beach Dist....... TEHUMIENG WOLKE eiuscé5c0d cts cove es bees eeasa ewes 50,000 
WGOGPIRRG 252. Me- are ienardidminntts System and treatment works. ................0.- 115,000 
INSOLE iis 3 dhe dit a ardvalemetetocavasnd BOWE CXUCUSIOUS <4 56 hd isewdis ceases vinewasencoes 289,000 
WSIIONS v5 loch lord, o-yacnada ges. a Sewer system improvements. ..........-.50.00005 38,500 
ETN te fal sino do. ee ae oS Hey RS DOWEr EXUCNSIONS. 6.6 66. k ccc ewee ee ees wees techs 403,000 
WanTMCOTS 2 oe Gisvew dv.ava.d. ave Seva RO OL CRUENRIONG ii sios be Sas aes eas eae de Se 571,100 
Youngstown........ _..... Sewer system and treatment plant... ............ 121,000 
Total number of projects TRE, aN eat cme ted.ce Beh ind OAS Bid are © Os aAy beac alana esas ae taiace 108 


Peal CeuPIGROCOGN Sais, doo Ker ain. oS TR AS CATA WO Oo POTS G eee dane Cameo ae ee $69,103,143 


Storm Sewer Projects Not Included: 


CEU ot eee ee EONS O WCE 5 od eaekw ees Lam ean a canes Bee edule $ 2,500,000 
RM AIO Glows hid ae eae ee ai Pilmore-TOVG]OV ss... cineca ce eee. pte aen annadess 1,401,108 
TONAWAMOW 2. «6 ox00s si Gee's Storm sewer (state ditch)....................05. 60,018 


$ 3,961,126 


and New York City areas presented, respectively, by James L. Barron, 
Director, Division of Sanitation, Nassau County Department of Health, 
Seth G. Hess, Chief Engineer-Executive Secretary, Interstate Sanita- 
tion Commission, and R. H. Gould, Acting Deputy Commissioner, New 
York City Department of Public Works, last January before the Ameri- 
can Society of Civil Engineers at the Annual Meeting, were published 
in the May, July, and August, 1940, issues of Civil Engineering. 

I will endeavor to present a summary review of the achievements 
in sewage treatment construction in-New York State during the past 
decade, which have been almost exclusively undertaken with Federal 
aid under the various Federal agencies. Obviously, it would be im- 
possible within the short time available to discuss any details of indi- 
vidual projects, which are recorded in the appended tables. 

These records may be summarized as follows: 


I. P. W. A. Sewer ann Sewace TREATMENT PLANT CONSTRUCTION 
in New York Stare, 1984-1940, [xciusive 


ws 


A total of 111 projects costing a total of some $73,000,000 were con- 
structed in New York State during this period with P. W. A. aid. In- 
cluded in this program were 68 new sewage treatment plants, 15 recon- 
structed and enlarged treatment plants, and 29 storm and sanitary 
sewer projects. The largest projects were the two plants constructed 
by New York City with P. W. A. aid, namely, Coney Island and Wards 
Island plants costing some $27,000,000. In addition, New York City 
has completed and placed in operation the Tallmans Island and Bowery 
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Bay (part) plants, costing an additional $19,000,000. These plants 
provide treatment at present of over one-third of the city’s sewage, at 
an estimated cost of $46,000,000 of which about $12,000,000 is the amount 
of Federal grants received for the two plants (Coney Island and Wards 
Island) built as P. W. A. projects. The placing in operation of these 
plants has resulted in reducing materially the pollution and improving 
the condition of the waters in the New York metropolitan area. Mr, 
Gould has estimated the cost of additional works to complete the pro- 
gram to be approximately $154,000,000. 

Another undertaking ot large magnitude was the elimination of the 
serious pollution of the Niagara River by construction of sewage treat- 
ment plants to treat sewage of Buffalo at a cost of $15,000,000 (together 
with storm relief sewer construction at a cost of 43,900,000) : of Tona- 
wanda at a cost of $515,000; of Niagara Falls at a cost of $2,575,000; 
of Youngstown and Fort Niagara at a cost of $200,000. The placing in 
operation of these plants has eliminated a serious public health menace 
to the public water supplies of the cities taking their supplies from this 
stream. 


TABLE IT.—Sewage Treatment Plant Projects Undertaken under T. E. R. A. Program 
(1933-1934) 


Municipality Nature of the Work Estimated Cost 
CA ee ..... Sanitary sewer system and sewage treatment plant.... $ 40,915 
Baliston...... ............ Construction of sludge beds and cleaning of trunk sewer 7,461 
Beacon...... Pree , Bewage treatment Plant... 6.66.6 css escees see ces 119,475 
RRR 6385 oiy e x55.5-45 ... Rich’s dugway and Allen’s Creek disposal plant....... 21,875 
Brockport......... ....... Additions to sewage treatment plant................ 11,929 
CI CS . Repairs to sewage treatment plant.................. 5,962 
Jamestown................. Repairs to sewage treatment plant.................. 3,310 
Maybrook...... wae ... sewer system and manholes..................0..0.6 21,967 
CSS Se ...... Reconstruction of sludge bed—sewage treatment plant 235 
Otsego County ihome ee Reconstruction of sewage treatment plant........... 7,858 
Rome .......... Ne pie . Alterations to sewage disposal plant................. 6,462 
Roscoe District, Retlibind 
NDAD sce. 0i ao Fe eee EUAN Soe ek Sic ree? ai iin 5 SU ates ve Seo sh Mista dane 12,117 
Seneca Falls................ Repairs to sewage tinatinend ple Mie arene ete 4,671 
SYTACUSE......... , SCIPAMING ANG THPAWING . 655i. csee cee hse ese eee ab oes 47,601 
(Hiawatha and EF i oul 
plants) 
Webster................... Sanitary sewer system and sewage treatment plant.... 135,196 
$457,042 





The completion and placing in operation of the large number of 
sewage treatment plants constructed under P. W. A. has resulted 
greatly reducing the pollution of our New York State waters and elim- 
inating many conditions detrimental to public health which formerly 
existed as a result of the direct discharge of large volumes of untreated 
sewage. 
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TABLE III. 
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Construction 1936-1940 Inclusive 


Municipality 


Alden... 
J LU) Ls CO ae ei ce ener eC ee 
Amherst Sewer District No. 1... . 
WERT Fre Stic te ath rl fee A ant ee 
i he: ee 
Auburn. 


Baldwinsville 
Batavia ee 
BRIE d Sora bord dee are naa oneee 
Bienton:.< <<.6-56 3s 


ROCHON hc o5: toe See sete 


EES TTT a a eee ea 
LOAN es oi fi oe os SE Rae 


Celoron rare ar 
GHEEKTOWAZAS «.< bandas oda s4%e 


Colonie, Latham 8S. D.......... 
AONE etaihn is 30S aroanadns ater 
PDB NOS os. od a eaceheetssaee Rind Becks 
Faleoner...... 


BV VAMC iso coce saes, eyes tua are 


RESON FRONU 51595 adapta Oawce ra artes 


| Additions to Rich’s dugway plant 





NGO IRENA ath i ccna cnd Shia eex BAwermraleons | 


ELST SS eS 
HOREO VO WANS S 6.5 bia % onsen dame 
LUC RES Se a ae On ne ee 
Inglis TAK ss ea ees ca v4 
APVINOLON 56s ub oisctiwanaliens 5% 
MUNRO P bio hy ch Sei Gd aha sistas 


TACKOWATIG occ dsiss ao ace bial 


PaketQeonge so okesc sc agadsn 
LAKEWOO « oys8 5 Sats be Sacua 
Ley Creek, Onondaga Co........ 
PRCHS DOT 21585 otk bosses Sioa ate 


Minoa....... 
DUBE «0a eis sa siecle Sriscanlegontra 
ROHAN Poi cig otsalhese anecehsveoe wok 
Olean 





LES Ct: ne 


Nature of Work 


Sewer system and disposal plant 
Sewer system and disposal plant 
Emergency pump installation 
Sewer system and disposal plant 
Sewer system and disposal plant 
Outfall extension, alterations to weir | 

chamber and construction of a relief | 

sewer at disposal plant | 
Sewer system and two disposal plants | 
Additional sludge lagoon | 
Reconstruction of disposal plant 
Additions to disposal plant | 
Sludge bed ramps at Rich’s dugway | 

D.P.—culverts at Allens Creek plant 


Additions to disposal plant 

Sewer system and disposal plant 

Sewer system and disposal plant 

Sewer system and disposal plant 

Construction pumping stations 

Install settling tanks and sludge pump 

Sewer system and disposal plant 

Dike around disposal plant 

Additions to disposal plant 

Disposal plant 

Additions and reconstruction of dispo- 
sal plant 

Sewer system and disposal plant 

Additions to disposal plant 

Improvements to disposal plant 

Sewer system and disposal plant 

Reconditioning disposal plant 





Sewer system and disposal plant 
Sewer system and disposal plant 
Disposal plant and refuse incinerator 
Sewer system and two disposal plants | 
Trunk sewer and disposal plant | 
Outfall sewer extension | 
Repairs to sewer system and disposal | 
plant | 
Sewer system and disposal plant 
Sewer system and disposal plant 
Interceptor and disposal plant 
Improvements to disposal plant 
Interceptor, pumping stations and dis- 
posal plant 
Sewer system and disposal plant | 
Additions to disposal plant | 
Additions to disposal plant 
Pumping station and disposal plant 
Sewer system and disposal plant 





List of W. P. A. Sewerage and Sewage Treatment Projects Completed or under 


Cost to Datet | Status* 
| 


$463,897 
21,650 
7,766 
129,731 
99,470 
16,682 


695,114 
1,026 
31,814 
1,841 
16,882 


108,840 
3,873 
153,308 
213,988 
227,363 
28,630 
55,529 
37,963 
31,613 
16,006 
302,605 
21,988 


44,982 
98,337 
65,669 
435,495 
2,097 
33,117 
362,937 
200,284 
117,117 
148,277 
14,886 
209,972 


131,352 
439,785 
3,361,298 
1,879 
207,095 


199,423 
3,334 
31,271 
229,924 
322,935 





~ AAR? 
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Cc 
Cc 
Cc 
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TABLE ITI. 





Continued 











Municipality Nature of Work Cost to Datet | S 
1D eee .| Sewer system and disposal plant 111,865 
RTPI ee ere es oh ory cia his Stele To continue construction of disposal | 3,446 ( 
































plant started under T. FE. R. A. 


Additional work to disposal plant | 13,828 ( 

Roscoe 8. D., Town of Rockland. .| Sewer system and disposal plant | 29,441 ( 
Rotterdam........ ; : Sewer system and disposal plant 308,918 A 
Royalton Town, Gasport S. D....| Sewer system and disposal plant | 28,000 A 
COO 1S ee ...| Additions and alterations to disposal | 112,087 C 

plant | 
Saratoga Spgs........ ...| Cleaning stones in filter beds | 65,558 ( 
Schenectady.......... : Improvements and additions to dis- | 48,403 ( 

posal plant | | 
RONSIAD,.. cis.5 wie svd esis sd oss ss =| SINDORAl Mant | 70,280 ic 
South Glens Falls . = Interceptor and disposal plant 51,329) ¢ 
Spring Valley....... Additions and alterations to disposal 89,967 A 

plant 
Springville... Sewer system and disposal plant 102,364 A 
Stillwater Town, 8. D. No. 1... .| Sewer system and disposal plant | Just started A 

| 1/8/41 

Syracuse........ fe Rehabilitation of disposal plants | $ 73,480} <A 


Chlorination plant 7,830} <A 





SaWoll. <3... ore Lone .| Sewer system, disposal plant | 86,193 } © 
Waterloo...... Additions and alterations to disposal | 6,005| C 
plant 
West Seneca........ Rehabilitation of disposal plants Nos. | 21,901 C 
5 and 6 | 
Ur be North Side disposal plant............ | 53,940 C 


Total | $10,633,872 | 


Total number of projects—61 


New.... ewes ortens RE era eat Ns 2 eae 34 
Reconstruction of old. ........ Apne een dM ee ais by Zi 
Completed ..5.05....665- eee sent RAE theta raaC es 40 


C11: Se : ee NAS eee aime hos 21 
*C = Completed. 

A = Active as of December 1, 1940. 
¢t Cost as of December 1, 1940. 


II. Srorm anp Sanrrary SEWERS AND SEWAGE TREATMENT Progects 
ConstTruCTED UNDER T. EK. R. A. Program, 1933-193 


Under the T. EK. R. A. Program, 1255 projects of storm and sani- 
tary sewer and sewage treatment plants were constructed at a cost of 
$16,284,000. Under this program three new sewage treatment plants 
were constructed and twelve treatment plants were enlarged and im- 
proved at a total cost of approximately $500,000. 

The greater part of this program consisted of sewer construction 
which could be undertaken as a means of employment of relief labor 
without delay from engineering investigations and the preparation of 
engineering plans. 
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II]. SeEwerRaAGE AND SEwaGE TREATMENT PLAN? Progsects ConstrucTED 
unpER W. P. A. ror 1936-1940, IncLusive 


Table IIT is a list of W. P. A. sewerage and sewage treatment plant 
projects completed or under construction between 1936 and 1940, in- 
elusive. Under this program 34 new sewage treatment plants have been 
constructed and 27 treatment plants enlarged and improved. Forty of 
these projects have been completed and 21 are still under construction. 
The estimated cost of this work is $10,600,000. 


TaBLE IV.—W. P. A. Sewer Systems Proposed, Active or Completed, 1936-1940, Inclusive 





Municipality Status Total Cost* 

Beiden Center Sewer DIistnict <s.26:.56scaenseos ieehs goss ee ee swas Completed $ 77,597 
NDNA INOUE ese ees Cah sla reionch aia ita tah Sar, wh riled wow we as ow Sse wee Active 40,888 
Rast Greenbush sewer District NO: Vici. edie who nce es eeu ies . Completed 226,417 
Hartsdale Lawns Sewer District, Town of Greenburgh............ Active 144,710 
Huntington Estates Sewer District. 2.0.05 4. cece cece ce eee Active 35,053 
Lyncourt Lawns Sewer District, Town of Salina................. Completed 401,938 
Mattydale Sewer District, Town of Salina...................... Not released 801,743 
ROVER OO MeO IOI BULECU ry os lore Se Wie sys e TS Awe eae vee ee ers om Holds Completed 295,176 
ATMA MIS UMOG tev nets clits sawed Foe aie Ra OE ea HE be ... Completed 253,482 
West Ellicott Sewer District No. 3............ 0... c eee c eee eens Not released 321,427 
WEAUACIER USC WED IBISUDICUS Goris. cscccd acco sde tows vase anaes aden Completed 103,529 
West. View Sewer DIStricts. «....cc6. 00. k ea tenet seen ee eee Completed 70,328 
OE cid hs fe “adele dusted ashy Alp aS ie Goto Ner ee, aU. 2 4H Ss Bia wh $2,772,288 


6 Complete. 
3 Active. 
2 Not released. 





* Actual cost, if completed; estimated cost if active or not released. 


In Table IV, 12 projects for sanitary sewer construction proposed 
or completed with W. P. A. aid are listed. The amount of funds spent 
to December 1, 1940 on this work is $2,772,000. 

In Table V, 14 sewage treatment plant projects are listed which have 
been submitted to and approved by the Works Projects Administration 
but work on which has not actually started. The estimated cost of these 
projects is $4,470,000. In addition, 205 projects covering sanitary, 
combined, and trunk sewer construction were completed by the W. P. A. 
from 1936 to 1939, inclusive, on which $5,943,000 was spent. Also, 125 
relief, combined, and sanitary sewer extension projects were approved 
during the year 1940, the total estimated cost of which is $3,680,000. 

This summation of W. P. A. sanitary sewers and sewage treatment 
plant construction gives some indication of the enormous amount of 
this type of construction work that has been undertaken by W. P. A. in 
New York State. Many of these projects are of large magnitude, 
among which may be mentioned the Ley Creek plant at Syracuse 
built at a cost of over three million dollars; and a million dollar storm 
relief pressure tunnel trunk sewer in Schenectady. Other unusual types 
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TaBLE V.—W. P. A. Sewerage and Sewage Treatment Projects Which Have been Proposed or 
Steps Taken to Initiate 











Total Esti- 


Municipality Nature of Work mated Cost 
COG ee Intercepting sewers and disposal plant . & 214,953 
Fast Greenbush Sewer Dist. 

O52 . Sewer system and disposal plant... ... oe 284,742 
KImira Heights Sewer system and disposal plant... .. . errr ee 348.650 
Horseheads Sewer system and disposal plant... .. . : 386,223 
Kingston. . . Intercepting sewers and disposal plant... .......... 376,477 
Menands . Intercepting sewers and disposal plant............ 175,085 
Mexico. . . Intercepting sewers and disposal plant... .. 77,392 
Newburgh Intercepting sewers and disposal plant... . 728,744 
Northville Sewer system and disposal plant... ... . 99,475 
Oswego intercepting sewer. ..... 2. ..6..20506- 35,906 

Intercepting sewer and sanitary sewers... ... 257,180 

Peekskill Intercepting sewers and disposal plant... . 
Poughkeepsie Intercepting sewers and two disposal plants. . 1,147,000 
Salamanca Intercepting sewers . . rage - 60,469 
Utica North side interceptor 287,302 
Total (14)... : ee ... $4,469,598 








of sewer construction carried out by W. P. A. included a large storm re- 
lief sewer tunnel in Rochester, and a trunk sewer and sewage treatment 
plant project for Irvington, where a large portion of the trunk sewer 
is constructed as a tunnel. 

These larger projects which have been sponsored by local munici- 
palities are the result of sound engineering advice furnished by con- 
sulting engineers employed by the sponsoring agencies. 

The changing character of the work program carried out in New 
York State under W. P. A. is well illustrated by the following excerpt 
from an address given by Mr. Clarence W. Post, Chief Engineer and 
Assistant Administrator of the State Works Projects Administration, 
hefore the New York State Society of Professional Engineers in Albany 
on March 9, 1940. 


In view of the fact that 83 per cent of the W. P. A. workers are doing construction 
work, we require engineering plans and specifications for all classes except the simplest 
types of work. Not only must the work be well planned by municipal engineers or their 
consultants, but also those plans and specifications must be reviewed and cleared for 
thoroughness and practicability by independent and unrelated boards of engineers. For 
instance, all matters pertaining to sewage treatment or water supply are routed to the 
engineers of the State Health Department for conformity with recognized practice; all 
plans for school buildings and grounds are routed to the engineers and architects of the 
Department of Education in keeping with sound practice; all plans for river improve- 
ments, stream control are routed to the engineers of the War Department for clearance; 
all plans for dams, bridges, reservoirs are routed to the State Department of Public 
Works and to the Engineering Review Division, Washington, for approval. We are 
endeavoring, with the assistance of the State Department of Public Works, to require 
submission of plans for all rural highway improvements, thereby giving the State, which 
furnishes part of the money for rural highways, the opportunity to disapprove the utili- 
zation of funds on town roads which should be abandoned. The magnitude of the work 
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warrants such a course. The engineer is capable of that responsibility. The public is 
entitled to that protection. 


m Summarizing the above our New York State municipalities during 
st the period from 1933 to 1940, inclusive, have constructed 108 new sewage 
treatment plants, and 54 sewage treatment plants have been modified 


: and enlarged. This work has been undertaken almost exclusively with 
12 Federal aid under the various agencies outlined above. The cost of 
10 this construction program for sewers and sewage treatment is some- 
"3 thing over $113,000,000, of which $59,000,000 was Federal aid through 


i the various agencies. 


. It is to be naturally expected that with the pick-up in employment 
4 incidental to the national defense program, the amount of available 
5 relief labor will be curtailed. Experience thus far indicates, however, 
” that in the larger cities, at least for the coming year, there will be suffi- 
. cient unemployed common labor to warrant a continuation of W. P. A. 
N even though on a reduced scale from that experienced during the past 
9 vear. For the immediate future, at least, the larger municipalities may 
2 take advantage of the opportunity of obtaining Federal aid in carrying 
; out needed sanitary sewer and sewage treatment plant construction 


through W. P. A. There are, in fact, a number of projects of large 
magnitude which are planned for operation this coming year. 














Industrial Wastes 





PROBLEMS OF INDUSTRIAL WASTES FROM THE 
STANDPOINT OF CITY ADMINISTRATION * 


By W. T. Know.ton 


Sanitary Engineer, Sewer Design Division, Bureau of Engineering, City of Los Angeles 


The problems of industrial wastes from the standpoint of the city 
administration commence when a city is formed. As the city increases 
in population, these problems increase in importance. In a small resi- 
dential city, it is doubtful if there are any industrial wastes to be en- 
countered other than those from a laundry and the oil wastes from 
garages and service stations. When cleaning and dyeing plants are 
established, and other industries are started that desire to dispose of 
their waste water, the problem begins to attract the attention of the 
city administration. Industrial plants that require some means of 
disposal for their wastes are willing that the city administration shall 
look after such disposal. 

In Vol. III of American Sewerage Practice by Metealf and Eddy, 
as revised in 1935, industrial waste is defined as waste waters carrying 
suspended, colloidal, and dissolved matters produced by manufacturing 
processes and discharged therefrom as being of no commercial value. 
As the usual custom in cities is to discharge these waste waters into 
the publie sewers, the writer has prepared this paper with special ref- 
erence to such disposal and the problems produced thereby. 

In return for the city providing for the disposal of the industrial 
wastes, it has been suggested that the industries should bear some part, 
if not all, of the cost of preliminary treatment of such wastes, when the 
city finds that such treatment is necessary. Industries cannot in all 
cases solve the problem of disposal, but they should co-operate with the 
city in the matter. Each has a part in providing for the welfare of the 
community. 

The problem of industrial waste disposal is very puzzling at times 
to the city official when he realizes that on one hand the industry is a 
large corporation paying a generous share of the taxes, while on the 
other hand this industry is creating a serious condition or nuisance that 
affects the health of the community, and demands relief. 

The technical problems pertaining to industrial waste disposal are 
more varied and complex than those which have been solved in sewage 
treatment, and the cost of industrial waste treatment may be as great 
as that of completing the sewage disposal projects of the nation (1). 


* Presented at the Thirteenth Annual Fall Convention of the California Sewage Works 
Association, San Diego, September 17, 1940. 
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Kinds of Industries.—In 1904 Los Angeles had 814 industrial plants 
with a total of 10,000 employees. The number of plants increased to 
3,192 in 1937, with 77,000 employees. Among those industries where 
the liquid wastes have generally been discharged into sewers are fruit, 
vegetable, and fish canneries, creameries, dairies and ice cream plants, 
cleaning and dyeing establishments, laundries, overall and rag cleaning 
plants, breweries, cooperage, soap plants, meat packing and slaughter 
houses, and the wastes from garages and auto service stations. 

Other industries which may have wastes that will affect the sewers 
are gas works, marble works, oil refineries, chemical works, sugar re- 
fineries, bottling works, baking plants, wine plants, moving picture 
plants, paper plants, poultry dressing houses, and sausage casing 
factories. 

Division of Industrial Wastes into Groups.—As suggested some 
vears ago (2), industrial wastes may be divided into four groups in 
connection with their disposal. 


First: Those wastes which ean be discharged into sewers without any 
preliminary treatment. 

Second: Those which require some adjustment of the amount of flew, 
but no preliminary treatment before disposal into sewers. 
Third: Those which ean be admitted into sewers after some preliminary 

treatment of the waste. 
Fourth: Those which should not be permitted to be discharged into 
sewers. 


Where the volume of the waste does not materially increase the 
cost of sewer maintenance or the cost of sewage treatment, and where 
the waste has no injurious effect on the sewers or sewage treatment, 
such waste belongs in the first group. 

Should the waste discharge into the sewer occur intermittently so 
as to overtax the sewer capacity, such wastes are in the second group, 
and the discharge should be controlled at a reasonable and uniform rate 
over several hours, or at specified periods. An illustration of this dis- 
charge is seen where sewer connections are desired from swimming 
pools and cooling tanks, when there are no storm drains in the vicinity 
into which such discharge could be made. 

The third group includes those wastes which contain acids, oils, 
erease and other substances that would form deposits in the sewers, 
or overload the sewage treatment plant. When canneries in this group 
fail to provide the preliminary treatment required, the sewage treat- 
ment plant will frequently show evidence of skins and peelings that 
should have been intercepted at the plant of the industry. 

In the fourth group are those industrial plants which discharge live 
steam, scalding liquids, volatile inflammable liquids or gases, and un- 
polluted cooling and condensing water that could properly be carried 
into a storm drain, if available. The discharge of such wastes in this 
fourth group should not be put into the sewers unless the sewers are of 
the combined type which carry both sewage and drainage. Certainly no 
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storm water can be permitted to be discharged into a sewer of the 
separate type. 

The division of the industrial wastes into these four groups shows 
that, for each application from an industrial plant for a sewer con- 
nection, the character, quantity, and rate of discharge of the waste 
should be known, if possible, and satisfactory arrangements for the 
waste disposal therefrom should be made before the plant is erected. 
Occasionally those who are planning the industrial plant have gone 
ahead with their project, and when the plant was erected, applied for 
the sewer connection, and then found that the existing sewer was too 
small. 

Amount of Wastes.—The amount of wastes varies with each in- 
dustry and also among the various plants in the same type of industry. 
Sometimes the amount of waste in an industry may be less than the 
amount of domestic sewage therefrom. However, for those industries 
listed in the first paragraph of Section 2 hereof, the volume of waste is 
apt to be more than the amount of sewage therefrom, and such condi- 
tions affect the capacity of the sewer receiving the waste. 

In Los Angeles, laundries and other industrial plants have at times 
been established in residential districts, which generally have small 
sewers. This has caused the amount of waste to exceed the available 
capacity of the small sewer, and thus required the construction of an 
additional or relief sewer. Due to the much larger amount of solids in 
industrial wastes than are found in sewage, the disposal of industrial 
sludge is a problem as difficult and more costly to solve than oceurs in 
sewage treatment. The size of a plant required for the treatment of a 
million gallons per day of industrial waste is larger and its work more 
complicated than that required for treating the same volume of sewage. 

The volume of liquid waste from various industries in Los Angeles 
forms an appreciable percentage of the total flow of sewage. An esti- 
mate of the volume of laundry waste water gives an average flow of 12 
m.g.d., that from meat packing plants and slaughter houses may have an 
average flow of 8 m.g.d., and that from creameries and dairies may have 
an average flow of 5 m.g.d. Adding to these wastes, those from brewer- 
ies, overall and rag cleaning plants, and moving picture studios, will 
give a total volume of more than 26 m.g.d., which is 20 per cent of the 
present average flow of sewage discharged into the ocean from the 
Hyperion screening plant. 

Analyses of Wastes. (a) Suspended Solids—The suspended solids 
in sewage may average 250 p.p.m. by weight, but those in industrial 
wastes may average from 50 to 3000 p.p.m. or more. 

In meat packing plants in Los Angeles, the content of suspended 
solids in the liquid waste may vary from 500 to 3000 p.p.m. Waste rag 
laundries have shown a variation in such content from 800 to 6000 p.p.m. 
Overall cleaning plants vary from 500 to 1100 p.p.m. Fish cannery 
waste has shown a variation from 2000 to 3000 p.p.m. 

(b) Grease.—The content of grease, or ether-soluble matter, in sew- 
age from 16 different cities was found tu average 53 p.p.m., or .05 Ib. 
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per capita per day. (38) The average grease content in sewage in Mas- 
sachusetts was estimated at 97 p.p.m. 

The grease content in the fish cannery waste has varied from 400 to 
1000 p.p.m. In meat packing plants records from 600 to 900 p.p.m. 
grease have been noted, while in waste rag laundries grease content in 
the waste has varied from 600 to 3600 p.p.m. 

(c) B.O.D.—In meat packing plant wastes, the B.O.D. content varies 
from 600 to 1500 p.p.m. Breweries are next to meat packing houses in 
such content. A barrel of beer produces wastes whose B.O.D. is equiva- 
lent to the sewage of 20 persons. 

Harmful Effects of Wastes—Conerete sewers are subject to de- 
terioration from some industrial wastes, as acid pickling liquids. To 
prevent such action, the pH value of the waste must not be permitted to 
fall too much on the acid side of the seale. In Baltimore the city ordi- 
nanees require that the pH content in the discharge from industrial 
plants shall not be less than four. An English recommendation is to 
keep the pH of influents to activated sludge plants not lower than six 
for optimum results. 

Oil refinery wastes affect water supplies, recreation and aquatic life, 
aud cause agriculture to be damaged by the brine in the oil. The brine 
should be evaporated or diluted before disposal onto land (4). These 
wastes may increase the chlorine demand, and the tastes and odors in 
the water supply. 

The discharge of waste oil into the sewers is a serious matter, as it 
interferes with the proper maintenance of the system, and because the 
presence of gasoline coming from such discharge may cause an ex- 
plosion or fire in the sewers. Such a result would affect the public 
health and welfare, as well as the sewerage system. As is done in Los 
Angeles, other cities should conduct explosive gas surveys in the sewer 
manholes in order that where the conditions are found to be dangerous, 
the gas companies can be notified and the trouble remedied. If the 
cause is from some source other than natural gas, efforts should be made 
to locate the souree, and eliminate the cause. 

Without the use of grease traps or intercepting basins, sewers have 
been clogged repeatedly by grease coming from industrial plants, or 
from places where food in large quantities is prepared for human con- 
sumption. Patented grease traps on the market, that guarantee high 
efficiencies, do not solve the problem when the grease intercepted is not 
removed from the trap. The remedy should be in periodic and fre- 
quent removal of the grease by those in charge of the premises, and a 
constant inspection by the city to see that this remedy is carried out. 

Coutrol of Waste Disposal—Some cities in the United States have 
laws prohibiting the discharge of certain industrial wastes into the 
sewers. In Fostoria, Ohio, the discharge of iron and carbon in wastes 
is controlled by requiring definite amounts of flow for varying content of 
iron and carbon in the wastes. These requirements necessitate that the 
flow be gauged every two or three months. 

The State Boards of Health in Pennsylvania, Connecticut, Rhode 
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Island, Ohio and Massachusetts have power to enforce laws restricting 
the disposal of industrial wastes. However it is preferable to have the 
state or city obtain the approval and cooperation of the industry, as has 
been done in Maryland, Michigan, Ohio, Pennsylvania and Wisconsin. 

In Los Angeles, it is unlawful to discharge into any sewer or drain 
any liquid waste containing chemicals, grease, oil, tar, or other matter 
in solution which shall clog or fill the sewer or interfere with its effee- 
tive use. It is also unlawful to discharge any liquid waste having a 
temperature greater than 100° F., or which shall contain more than 
600 p.p.m. of oil or grease by weight, or which shall contain more than 
1000 p.p.m. of suspended solids by weight. 

These limits of permissible content of oil or grease, and suspended 
solids in liquid wastes discharged into any public sewer were proposed 
after a survey by the writer of existing conditions in the Los Angeles 
system in 1936. At about the same time (although then unknown to the 
writer) the State Board of Health of Massachusetts fixed their limits 
for these contents at 300 p.p.m. and 500 p.p.m. for grease and suspended 
solids, respectively, in the Essex County Sewerage District. 

In Madison, Wisconsin, the Madison Sewerage District requires that 
packinghouse wastes reaching the District sewage treatment plant shall 
have no greater strength than domestic sewage. In Austin, Minnesota, 
the Hormel Packing Co. has a volume of waste equal to, or greater than 
the volume of city sewage, but the strength of this waste is much greater 
than the sewage. The company is now planning to reduce this waste so 
that the effluent from its plant shall not contain over 600 p.p.m. of 
B.O.D., or 200 p.p.m. of suspended solids. 

In Manchester, England, the permissible limits suggested for waste 
disposal from industrial plants are 428 p.p.m. for both grease and oil, 
and suspended solids. 

To control to some extent the amount of grease and solids in the 
liquid wastes entering the Los Angeles sewers from industrial plants, 
studies have been in progress by the Bureau of Engineering of the City 
of Los Angeles for quite a time as to the benefit that could be derived by 
requiring all industrial waste to pass through intercepting tanks or 
clarifiers before discharge of the waste into the sewer. This prelimi- 
nary treatment would require that the varying amounts of grease and 
solids that would be collected in the clarifier should be removed there- 
from at proper intervals, so that the effluent would have its content of 
erease and solid thus reduced to an allowable limit. The dimensions of 
the clarifiers would vary with the type and size of the industries. 

Sand traps not over two feet in dimensions have been specified in 
Los Angeles ordinances for some years. Such traps however are not 
of sufficient capacity to give the detention period required for the col- 
lection and removal of grease and solids in the wastes discharged 
thereinto. 

Sewage and Grease Tests in Los Angeles System.—In connection 
with the studies noted hereafter in this paper, the Bureau of Engineer- 
ing of the City of Los Angeles has made periodical tests of the raw sew- 
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age at various manholes in the sewerage system of the city. These tests 
include the temperature of the sewage, its pH content, and the content 
of hydrogen sulfide, settleable solids, suspended solids (the latter di- 
vided into total and volatile content), and grease. 

In connection with the determination of grease, a local committee of 
chemists has assisted this Bureau in studying the effect of various 
solvents of grease in tests of sewage, sewage sludge and industrial 
waste. This committee intends to present its findings in a report that 
will be published in some technical journal. It is thought that the pro- 
cedure now given as a standard for its determination, can properly be 
revised, and such revision has been used by this Bureau. 

To assist this committee, a questionnaire was sent recently to several 
sanitary engineers and chemists throughout our country concerning 
their practice and thoughts as to a revision of the present procedure for 
determination of grease content. Although chloroform seems to be the 
popular solvent in the central states, and petroleum ether in the eastern 
cities, the local committee favored the use of mixed hexane for the rea- 
son that this solvent would permit extraction of grease in the sample to 
be tested without drying the sample (as now required by the Standard 
procedure), and for the further reason that other solvents tend to re- 
move hexane-insoluble substances which for the greater part should not 
be ineluded with grease. 


CoNCLUSIONS 


A start has been made in this country in solving the problem of in- 
dustrial waste disposal. Our technical publications have devoted in- 
creasingly more space in their pages to this problem during each of the 
past four vears. In its issue for November, 1939, Industrial and Enqi- 
neering Chemistry published thirteen papers on waste disposal pre- 
sented at the 1939 Boston meeting of the American Chemical Society. 

The Sanitary District of Chicago has for some years been studying 
this problem, although it has not as vet drafted an ordinance to cover 
the matter. In this study, the District has investigated over 200 differ- 
ent establishments for at least two weeks in each case to determine what 
discharge is taking place. In this connection, it should be noted that 
the District has established legal control of its wastes by having an Act 
passed by the State Legislature authorizing the District to levy a charge 
on industries for all volumes of waste exceeding 3,650,000 gallons in any 
12-month period received for disposal by the District. 

This idea of limiting the amount of the volume of industrial waste 
that ean be discharged into a sewer without any especial charge there- 
for, will be a matter that should interest city administrations. If car- 
ried out, this might provide funds for the treatment and disposal of the 
industrial waste entering the sewers. Comments on this idea in recent 
proceedings of the Institute of Sewage Purification of England (6) state 
that ‘‘ereat courage on the part of local authorities will be required to 
determine whether or not to bring into foree the whole of the powers 
Which the Act provides. If carried out too much, new industries may 
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be kept out; and if too little, some of the income to which the Aet would 
entitle the City may be lost.”’ 

The Act just mentioned is the Public Health Act of 1937, and com- 
ments of English engineers as given in the Surveyor of Aug. 25, 1939, 
indicate that this Act had created certain prescriptive rights that would 
prevent local authorities from charging for all discharge into the sewer, 
‘*Proper knowledge of volume of trade effluent discharge must be had 
before such rights are determined.’’ Expressions in the Act as ‘so 
far as is practical’? and ‘‘without unreasonable cost’? were considered 
too indefinite, as they do not make the Act water-tight. Some famili- 
arity with this English law is recommended, as it has a bearing on the 
Illinois revised statutes that controls the payment for disposal of in- 
dustrial waste into the sewers of the Sanitary District of Chicago. 

Possibly the exact limits for the content of grease and suspended 
solids may depend on the relative volumes of domestic sewage and in- 
dustrial waste. As the relative concentration of industrial waste in- 
creases, it may become necessary to reduce the permissible limits of 
grease and suspended solids. Thus the volume of waste is probably a 
factor that should be specified in the controlling ordinance. 

The subject of financial returns from the recoveries of wastes by thie 
industry should be considered (5). In meat packing plants and fish 
canneries, such recoveries cannot be overlooked, as the value of by- 
products is as important as the treatment of the wastes. 

Most industries are assets to the community as they are tax pavers 
and give employment to many people. Accordingly the industry should 
be encouraged, and not driven away by unfriendly measures. However, 
the industry should conform to the laws in the operation of its plant, 
and in so doing should bear a reasonable proportion of the cost of treat- 
ment of the wastes. The basis of determining such a proportion should 
include the relation of quantity of flow from the industry to the amount 
of flow in the sewerage system of the city, and the amount of suspended 
solids and grease in the effluent from the industrial plant must be given 
attention. 
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DiscUSSLON 


By Witnuiam T. INoram 


Sanitary Engineer, San Joaquin Local Health District 


I hesitate to comment on this excellent paper, but, on the other hand, 
I feel that the presentation of some recent investigations made in con- 
nection with the handling of waste solids from Stockton canneries may 
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he of some value and will, I hope, bring to attention further information 
along these lines. 

The City of Stockton has an ordinance which prohibits the disposal 
of ‘‘any fish, fruit, or vegetable waste, or other solid matters, or mate- 
rials or obstructions of any kind whatsoever of such nature or in such 
quantities as shall clog, obstruct, or fill such public sewer . . . or which 
will interfere with the efficient and successful operation of any sewage 
disposal works. ...’? This ordinance has been used to effect some 
control of grease, gasoline and oil wastes, dry cleaning wastes, and 
many others, but complications enter when it is applied to cannery 
wastes. 

In industries of this nature there is a certain spirit of competition. 
Chambers of Commerce, without full realization of the problems in- 
volved, frequently invite industry to a city which is not in a position 
to handle waste products in a satisfactory manner. I say this, not in a 
spirit of criticism, but as a statement of fact. There is much to be done 
in the field of edueation with such bodies as may be responsible for the 
building of a city. 

With this background in mind, it seems applicable to a discussion 
of Mr. Knowlton’s paper to offer a few bits of information concerning 
the use and design of screens as a means of pre-treatment of cannery 
wastes. 

In California, there is little information on the use of screens. 

The Val-Vita Company, Fullerton, has a 5 ft. diameter by 10 ft. long 
screen using five 16-mesh frames, one 32-mesh frame, and eight 40-mesh 
frames. The speed of the sereen is 24 1r.p.m. The waste flows outward 
and solids are collected and removed by a spiral conveyor. The screen 
is cleaned with a continuous water jet, and by stream three or four times 
aday. Operating at 11.4 tons per hour, this screen removed 450 gallons 
of waste from 125 tons. Suspended solids removal is estimated at 16 
per cent. 

The U. T. C. Cannery, Buena Park, has a 3 ft. diameter by 11 ft. 
long rotary screen. The plate is perforated with Ys in. holes. Water 
flows outward, and the screen is cleaned by water spray. Solids are 
removed by spiral conveyor. This installation removes whole or 
broken tomatoes only, and one operates on a load of 7 tons per hour. 
Other data are incomplete. 

Sutter Packing Company, Palo Alto, has a flexible belt sereen 12 in. 
wide with ' in. openings, traveling at 8 ft. per minute. Flow varies 
from 400 to 700 e.p.m. Trouble has been encountered with clogging 
and cleaning. The installation removes whole or sliced material and 
some skins. 

Klsewhere, information is little more complete. 

‘Cannery Waste Treatment Studies,’’ conducted by Ohio Canners 
Association, and the Association of New York State Canneries, Ine., 
mentions that 40 by 60 mesh rotary screens at 4 rp.m. will handle 
2 e.p.m. per square foot. The screen requires 250 gallons of water per 
hour to keep it clean. 
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Michigan Experiment Station Bulletin, 18, No. 4, mentions 40. mesh 
screens on an average flow of 295 g@.p.m. per ton of raw material. It 
removed an average of 174 gallons per hour on tomato waste, containing 
1.19 per cent solids. The screen was 4 ft. diameter by 4 ft. long. The 
screw conveyor was not satisfactory and was replaced by a rotary pump. 
The speed of the screen was not given. 

Iowa State Dept. of Public Health, in correspondence, indicates that 
rotary screens with 30 to 40 mesh give good service on corn, beans, car- 
rots, and beets. Screens have been in service two and three vears—no 
other data was given on screen sizes or speeds. 

Illinois State Dept. of Health in correspondence mentions that size of 
screen is a matter of decision on each particular waste; principal wastes 
in Illinois are peas and corn. No conclusive data are available on rate 
of flow per unit of screen surface. Solids are removed by mechanical 
conveyor. High pressure water spray is desirable for cleaning, and 
pumping of waste prior to screening should be avoided. 

A manufacturer in correspondence brings out these items: 


Twenty-mesh monel metal cloth is effective. Forty-mesh clogs and 
necessitates oversize screens. Removals of 75 per cent of the sus- 
pended solids on tomato and pea wastes may be expected on low solids 
concentration (600 to 800 p.p.m.), 50 to 70 per cent removal may be 
expected on 2,000 p.p.m. suspended solids. Ordinarily, 25 per cent re- 
moval would be considered as probable, and a 3 ft. diameter by 3 ft. 
long screen, 20-mesh, will handle 338 g.p.m. or 12 g@.p.m. per square foot 
of screen surface. Speed of screen is variable, and is not given. Solids 
are removed by conveyor. 

Another manufacturer using the vibrating type of screens states 
that 2 ft. by 4 ft. 40-mesh screen at 2,100 vibrations per minute will 
handle 300 g.p.m., or 37.5 g@.p.m. per square foot of screen surface. 
Solids vibrate downward, and are removed by belt or conveyor. This 
necessitates a gravity flow on to the screen. 

In a paper entitled, ‘‘ Effect of Cannery Wastes on Operation of 
Sewage Treatment Plants”? (This Journal, 12, No. 1, Jan. 1940), Ryan 
figured on a wet basis that 40-mesh screen will remove 30 to 35 per cent 
suspended solids on tomato wastes. 

A shaker type, 60-mesh link belt screen has worked well at one large 
plant. (Type of waste not specified.) 

The New York State Division of Sanitation in ‘‘The Treatment of 
Canning Waste,’’ mentions that a 40-mesh screen is very satisfactory 
for most wastes, but 20-mesh should be used on tomato waste. Twenty- 
mesh is adequate when preceding chemical precipitation. Forty square 
feet of screen area was sufficient for 200,000 gallons per day. Screens 
require frequent inspection. A water spray and steam jetting are re- 
quired when loaded at the rate of 3.5 @.p.m. per square foot of screen 
area. Speed of screen was not stated. 

It may be that screening is necessary to remove solids from the 
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waste, but it should be obvious that more effective removal is possible, 
if closer supervision of operation is practiced. 

Reduction of waste can be accomplished if good quality materials 
are brought in from the field. Spilled juice, cuttings and wastes can 
be segregated at the plant if proper care is taken in the plant setup. 
The latter particularly applies to the waste products of the tomato 
pulper. At clean up time, garbage wastes cleaned up separately or 
diverted out of the sewage flow would lessen the amount of solids in 
the sewage. 

Summarizing this information, which I grant is incomplete, it is 
apparent that the use and design of fine screens is rather varied. It 
would appear that screens should be at least 20 mesh, and not over 
40. Drum screens may handle flows of 2 gallons per minute per square 
foot of surface to 12 g.p.m. per square foot of screen surface. Vi- 
brating screens may handle up to 37 g.p.m. per square foot of screen 
surface. Band screens may handle as much as 87 gallons per minute 
per square foot of exposed surface, but clogging can be expected at this 
rate. 

From 10 to 25 per cent removal of solids may be expected, although 
both more and less have been reported. 

Water sprays and steam jets for cleaning purposes should be pro- 
vided in most installations. 

Conveyors, pumps, or other equipment are necessary to carry the 
varbage waste away from the screen. The garbage waste may be 
eliminated at several points in the production process by careful op- 
eration and suitable equipment. 

It appears, however, that cities would be justified in requiring that 
varbage wastes should be removed from the sewers by some method. 
Close supervision and adequate equipment to divert such wastes in the 
plant are desirable as being a solution along more economic lines; for 
such waste once mixed with water is hard to remove, and not so easily 
handled after admixture. 

If this cannot be done faithfully, then pre-treatment, consisting of 
fine mesh screens constructed without by-passes, should be installed. 
Devices for macerating garbage waste should not be installed in any 
cannery. 


Discussion 


3y ALBERT CasTRO 


Chemist, Sante Clara, California 


As Mr. Knowlton says ‘‘Industrial plants that require some means 
of disposal for their wastes are willing that the city administration shall 
look after such disposal.’’? While it is true that there are different de- 
grees, there are times the industry prefers to turn a deaf ear to the 
pleas from city officials for co-operation in solving the problem created 
by the dumping of trade wastes into the city sewerage systems. 
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The definition of industrial wastes as defined by Metcalf and Eddy, 
‘‘waste matters carrying suspended, colloidal, and dissolved matters 
produced by manufacturing processes and discharged therefrom as be- 
ing of no commercial value’’ might in itself be thought of as a sort of 
yardstick, for, as Mr. Knowlton points out, the value of recovery of 
by-products from an industry is a score which must not be overlooked. 
As is generally known, it may be possible in many eases to reduce the 
amount of wastes dumped into the sewers by this means. 

Besides the general division of industrial wastes into groups as 
given by Mr. Knowlton, a good classification of industrial wastes on 
the basis of their qualitative nature alone and general methods for their 
treatment can be found on page 352 of the 1938 Edition of Modern Sew- 
age Disposal. 

In regards to those wastes which require some adjustment of the 
amount of flow alone, one set of jar experiments at the Santa Clara 
laboratory showed that in the case of wastes from prune and apricot 
packing the wastes could be mixed with the raw sewage up to the point 
where the percentage of the total volume for prune wastes was 5 per 
cent, apricots 15 per cent, a mixture of 50 per cent apricots and 50 per 
cent prunes to the extent of 5 per cent, without the mixtures turning 
sour after standing 19 hours. All percentages above this were sour 
after this period of standing. Naturally too much emphasis must not 
be put on one experiment but if further studies permit us to draw the 
same conclusions as the first we may be able, by controlling the flow of 
these wastes which are normally dumped into the sewers at about 5 :00 
P.M. in the evening, to eliminate the ‘‘turning over”’’ of the contents of 
our clarifier which occurs regularly at about 7:00 P.M. every evening 
the canneries are in operation. 

To date, before a community decides what percentage of the addi- 
tional costs necessary for the proper treatment of wastes from an in- 
dustry should be borne by the industry itself, there are many factors 
besides strength and volume of wastes to be considered in adding up 
the score. At the present time it can be only after carefully weighing 
the assets of the industry that a conclusion of some sort may be arrived 
at. 

While it is true that the natures of the various wastes are as variable 
as the industries themselves and may vary for the same industry in dif- 
ferent locales, State, if not Federal legislation setting up maximum 
strengths allowable for each general type of waste and a minimum fee 
per ton of wastes due a city for treatment of these wastes would, be- 
sides overcoming the possibility that industries might be driven away 
from a community because of, as they feel, unfriendly measures, also 
help those communities which are at present shouldering the full ex 
pense of the treatment of these wastes. 


























DEVELOPMENTS IN CANNERY WASTE STUDIES 
AT PALO ALTO * 


By Jack H. Kimpaunt ann Harotp L. May 


Asst. Superintendent, Water and Sewer Division, and Chief Operator, Sewage Treatment Plant, 
Palo Alto, Calif. 


The studies on cannery wastes which have been undertaken at Palo 
Alto have been of a general nature only, as it has not been possible for 
the writers to spend their full time and energy on this work due to other 
departmental duties. However, the results obtained so far do reflect a 
picture of the problem which must be solved in the near future if satis 
factory treatment is to be obtained. 

The problem is created by the addition of cannery wastes at the rate 
of approximately one million gallons per day to domestic sewage at a 
point one hour’s distance from the sewage treatment plant. The ratio 
of the volume of cannery waste to the volume of domestic sewage is 2 
to 1 during low domestic flows, and 1 to 2 during peak domestic flows. 
3v the time the mixture enters the clarifier the pH has dropped to 6.0 
and gas is forming to such an extent that practically all sludge rises im- 
mediately to the top. Most of this floating sludge is carried over the 
effluent weir and out to San Francisco Bay. 





Fig. 1—Tomato and peach cannery waste floating on surface of clarifier. Palo Alto sewage 
treatment plant. 


* Presented at the Thirteenth Annual Fall Convention of the California Sewage Works 
\ssociation, San Diego, September 17, 1940. 
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The problem at Palo Alto is to determine the most practical and 
economical method by which an effluent can be produced during the four- 
month canning season which is comparable to the effluent produced dur- 
ing the rest of the vear. 


Srupies UnpERTAKEN 


Effect of Cannery Waste on Quantity of Sewage Received at Treat. 
ment Plant.—Figure 2 shows the average daily flow for seven-day in 
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Fig. 2.—Effect of cannery waste on quantity of sewage received at treatment plant as 


shown by average daily flow for seven day intervals for the six year period 1934-1940, Palo 
Alto, California. 


tervals for the six-year period, 1934-1940. Weekly averages were used 
in order to smooth out extreme variations. The volume of water con- 
tributed by the cannery during each season can be compared with the 
normal dry weather flow of 1.4 m.g.d. just after Stanford University has 
closed (latter part of June) and just prior to the apricot season. 

A considerable reduction in the amount of water used by the ean- 
nery may be noted for the years 1937, ’38 and ’39 as compared with the 
years 1935 and 36, even though the amount of material handled by the 
cannery has steadily increased. This reduction was accomplished by 
re-circulating reclaimed water through the floor drains rather than 
using fresh water. The volume of water used during the 1940 peach 
season has increased due to a proportional increase in the tons of fruit 
packed. The volume of water used per ton of raw fruit has been de- 
termined for the 1940 season as shown in Table I. 

Effect of Cannery Waste on Strength of Sewage Received at Treat- 
ment Plant—Figure 3 shows the B.O.D. values of 24 hr. composite 
samples of raw and settled sewage for the six-year period 1934-1940. 
An average weighted curve for this six-year period was drawn to show 
the relative strength of the domestic sewage with and without cannery 
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TABLE I.—Strength of Cannery Wastes 
1940 Season Compared With 1936 Season 














: | Season | Spinach | Apricots c Peaches-Pears | Tomatoes 
Maximum Pack—Raw Fruit, 1940 85 | 180 | Sot 111 | 675 
Tons per Day | 1936 71 120 | 208 41 196 
Cases per Ton of Raw Fruit | 1940 46 58 45 38 38 
| 1936 — — — — — 
Volume of Waste Water, | 1940 7,400 4,700 2,900 2,000 
Gallons per Ton | 1936 8,100 | 2,500 5,180 3,600 
| 
B.O.D. in p.p.m. (Five Day)| 1940 | 615 | 1,020 | 1,840 —* 
| 1936 | 730 | 380 | 1,350 990 
Population Equivalent, 1940 | 230 =| 250 | 200 =| 100 
Persons per Ton 1936 | 290 49 179 180 
| 
Population Equivalent for 1940 20,000 45,000 93,000 67,500 
Maximum Pack, Total 1936 20,800 5,900 | 37,300 35,300 
Persons | 








* 1936 B.O.D. used in computing population ieee. 


waste. The only value of this curve is that it emphasizes the fact that 
wastes from the cannery nullify the effectiveness of the treatment plant 
for at least four months out of ev ery year, thus defeating the original 
purpose of the plant. 

Chlorine Requirements of Domestic Sewage with Cannery Waste.— 
In 1938 a series of tests were run at the suggestion of Mr. Carl Beyer, 
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Fig. 3.—Effect of cannery waste on strength of sewage received at treatment plant as 
shown by B.O.D. of 24 hr. composite sample of raw and settled sewage for the six year period 
1934-1940, Palo Alto, California. 
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District Manager, Wallace and Tiernan Sales Corporation, to obtain 
information on the hourly variation in strength of domestic sewage and 
sewage with different cannery wastes, as measured by its chlorine de- 
mand. Figure 4 shows the variation in H.S, rate of flow, and chlorine 
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Fig. 4. 


demand of domestic sewage between the hours of 6:00 A.M., and 10:00 
P.M. <A residual of 0.5 p.p.m. of chlorine after a five-minute contact 
period was arbitrarily used for comparison of chlorine demand. The 
curves show that when the sewage flow was at its peak, 12 0’clock noon, 
the streneth of the sewage was also at a maximum. In order to show 
the total load received at the plant during each hourly period of the day, 
the rate of flow was combined with the corresponding chlorine demand 
and the results expressed in rate of chlorine application, lb. per 24 hr., 
that would be required to satisfy the total demand. These values are 
represented by the lower eurve on Figure 4, and indicate that a maxi- 
mum rate of 600 Ib. per 24 hr. was required for domestic sewage. 

Figure 5 shows a similar series of tests on domestic sewage contain- 
ing peach canning wastes. A maximum rate of 900 Ib. per 24 hr. was 
required under the existing conditions. During the 1940 season, how- 
ever, the cannery packed peaches at the maximum capacity, which was 
three times greater than the quantity packed in 1938, when the tests 
were run. The chlorine demand for days of maximum pack will conse- 
quently be higher than shown by Fig. 5, and will extend over a longer 
period of time—about sixteen hours. 

Similarly, Fig. 6 shows a series of tests on domestie sewage contain- 
ing tomato wastes. The maximum rate of chlorine application required 
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was about the same as for domestic sewage alone, 600 lb. per 24 hr., but 
continued over a longer period of time. These values, as for peaches, 
do not represent maximum conditions at the present time. During the 
1940 season seven times as many tomatoes were packed in one day as on 
the days when these tests were run. 

Pears are also packed by the cannery in considerable quantities, but 
only at times when peaches or tomatoes are also being worked, and 
consequently, isolated tests on domestic sewage containing pear wastes 
could not be obtained. 

Figures 5 and 6 indicate that a considerable load is placed on the 
treatment plant when only one product is being packed. Depending 
upon the season, however, there is a period of two weeks or so when 
peaches, pears and tomatoes are being packed at the same time. It is 
during this period that the quantity and strength of the cannery waste 
is likely to be at a maximum, and plans for future treatment should be 
based on these conditions. 

Strength and Quantity of Cannery Waste.—Tests have also been run 
on the straight cannery waste from time to time in order to determine 
its strength in terms of biochemical oxygen demand. Although the 
number of tests have been limited, the results obtained have made it 
possible to determine roughly the population equivalent of each waste. 
The quantity of fruit packed and the volume of water used for each 
day’s run has been obtained from the superintendent’s office for each 
year since 1936. With this information on hand, tests run at the treat- 
ment plant can be correlated with the quantity of cannery waste re- 
ceived for any particular day. ; 

During the last several years the cannery has been improved and en- 
larged to a considerable extent. Table I shows the tremendous in- 
crease in the maximum daily capacity as compared with 1936, when the 
first studies were made on the cannery wastes. The amount of waste 
reaching the treatment plant on a maximum day is indicated by the total 
population equivalent. The waste from peaches and pears on a day of 
maximum pack is equivalent to the sewage of 93,000 people. The num- 
bers of such days fortunately do not oceur very often during any one 
season. ‘The average day’s pack is usually from 50 to 75 per cent of the 
maximum capacity of the cannery. 

As the plant now serves a total population of 23,000 and was de- 
signed for only 27,000 people, one cannot expect a satisfactory effluent 
when wastes equivalent to 50,000 or so people are added to the domestic 
sewage. 

Removal of Small Solids with a Finer Screen—During the Sewage 
Plant Operators Regional Conference at Santa Clara on June 27, 1940, 
as arranged by Mr. G. E. Arnold, Chairman of the Committee on Schools 
and Certification, the subject of fine screens for cannery waste treat- 
ment was discussed along with other subjects. As a direct result of this 
discussion 2 recommendation was made to the cannery that they install 
a second screen which would remove as much of the solids as practicable, 
but small enough to eatch tomato skins. 
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Up to this time all wastes were run through a 1% in. by 1 in. screen 
which removed the bulk of the material. Sliced peaches, apricot pits. 
pear cores, tomato skins, ete., however, would slip by and end up float- 
ing on top of the clarifier at the treatment plant. The fine screen which 
was installed by the cannery was quite successful in removing the small 
solids, except for the tomato skins. Many of the skins would not wash 
down into the discharge buckets, but would ride over and be washed off 
by the sereened sewage. The fine screen does, however, remove ap- 
proximately 1 cu. yd. for every 9 eu. yd. removed by the coarse screen. 
Although this screen has improved conditions at the plant in regard to 
solid material, it is only the first step toward adequate treatment. 

Information on the Coarse Screen.—The coarse screen is 20 in. wide 
with 14 in. by 1 in. openings and has buckets spaced every 9 inches. The 
screen, which is of the continuous type, is driven by a 2 hp. motor at a 
linear speed of 0.68 ft. per second. 

Information on the Fine Screen.—The fine sereen is 10 in. wide, with 
openings approximately Vg in. wide, and has buckets spaced every 1 ft. 
5 inches. This screen is supported by a coarse screen similar to the 
above, and is driven by a 114 hp. motor at a linear speed of 1.21 ft. per 
second. 


CHEMICAL EXPERIMENTS ON SEWAGE CoNTAINING CANNERY WASTE 


In an effort to find a means of preventing sludge from rising in the 
clarifier, the effects of ferric chloride, lime and chlorine were investi- 
vated. 

All samples treated were catch samples of raw sewage as received 
at the treatment plant, taken near mid-day, when the sewage was judged 
to be the strongest. In all the tests performed, sludge volumes were 
recorded when possible. These volumes ranged from 34 to 163 ml./liter 
for 2 hr. settling period. 

The sludge in most of the samples used as controls came to the sur- 
face immediately. Forty minutes was the longest time the sludge re- 
mained down in an untreated sample. The cannery was packing chiefly 
tomatoes and pears during this series of tests. 

Ferric Chloride.—Samples were dosed with ferric chloride from 20 
to 300 p.p.m. equiv. Cl., mixed for 30 seconds and flocculated for 30 
minutes. Control samples were set up at the same time, receiving the 
same mechanical treatment of mixing and flocculation. 

Samples containing ferric chloride were but slightly better, in gen- 
eral, than the controls. Mixing and flocculation had the effect of releas- 
ing the gases in the sewage, allowing the sludge to settle. However, 
gases soon formed again bringing the sludge to the surface. 

One sample with a dose of 50 p.p.m., stayed down 2 hr., with the con- 
trol remaining down 50 minutes. Another sample with 70 p.p.m. re- 
mained down 2 hr. and 15 min. with 1 hr. and 28 min. for the control. 

It seems, therefore, that to prevent the sludge from rising, the gases 
must be released from the sewage as it is received and the formation of 
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Fic. 7.—Coarse screen installed at cannery. 
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Fic. 8.—Fine screen installed at cannery. 
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these gases must be retarded until the sludge can be settled and re- 
moved from the clarifier. 

Effect of Lime.—Samples were dosed with lime from 10 to 750 p.p.m., 
mixed for 30 seconds and flocculated for 30 minutes, together with con- 
trols. 





Fig. 9.—Laboratory. Palo Alto sewage treatment plant. 
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Pee 


Fic. 10.—Imhoff cones. Showing volume of settleable solids in domestic sewage containing 
cannery wastes. 


Lime was not effective until the dose was large enough to bring the 
pH of the sample above 7.0. The minimum dose to effect this in the 
samples treated was 250 p.p.m., the maximum 600 p.p.m. In all samples 
where the pH had been raised to 7.0, the sludge stayed down over 18 




















Vol. 18, No. 4 CANNERY WASTE STUDIES 741 


hours. The maximum time for the samples with a pH of 6.8 or below 
was 1 hr. and 25 minutes. 

Lime plus mixing and flocculation would solve the problem, but the 
quantities of lime to effect this are considerable. 

Effects of Chlorine.—The chlorine demand of the samples was first 
determined and they were then dosed with quantities above and below 
the demand. The demand ranged from a minimum of 20 p.p.m. to a 
maximum of 70 p.p.m. In each ease the sample plus chlorine was mixed 
moderately for 5 minutes. 

In the minimum and maximum cases, 15 p.p.m. and 60 p.p.m., the 
sludge remained down more than 4 hours. Doses below 15 p.p.m. were 
but little more effective than the controls. 

Chlorine also would solve the problem, but again, the quantities 
needed are considerable. 

It was thought that, perhaps, the amount of chlorine might be cut 
down, if either the cannery waste or the domestic sewage were chlo- 
rinated before being mixed. To this end catch samples of each were 
taken, combined and mixed in the laboratory as nearly as possible to 
simulate the conditions that exist while mixing and flowing through the 
sewer down to the plant. To produce the same results it took approxi- 
mately one-half as much chlorine to chlorinate the domestic before 
mixing with the cannery waste, than chlorinating the cannery waste 
alone, and approximately one-fourth the amount needed if chlorination 
was performed at the plant. However, several other factors make the 
chlorination of the domestic sewage before mixing with the cannery 
waste impractical. 

It seems, then, that chlorination of the cannery waste before entering 
the domestic sewers would, in our case, be the most logical point for 
chlorination. Chlorination at the cannery would make possible the pur- 
chase of chlorine in tank ear lots, due to the spur track facilities. Ac- 
curate control of the rate of application would also be possible, since 
variation in strength and quantity of the cannery waste would be 
readily apparent. 





CONCLUSIONS 


Tests performed so far have not been extensive enough to arrive at 
any definite conclusions and more work must be done before actual 
recommendations can be made. 

One definite part of the treatment that must be performed at the 
cannery, however, is the installation of a screen fine enough to prevent 
all tomato skins from entering the sewer. 

It is felt that the studies so far have shown that some sort of treat- 
ment, such as chlorination of the cannery waste before it is discharged 
into the domestic sewer, is necessary before it will be possible to remove 
settleable solids, and that further treatment of some secondary nature 
is needed to produce an effluent which is comparable to that produced 
during the balance of the year. 








TREATMENT AND CONTROL OF 
INDUSTRIAL WASTES * 


By Mirron P. Apams 


Executive Secretary-Engineer, Michigan Stream Control Commission, Lansing, Michigan 


The Great Lakes and their connecting waters form one of the lone- 
est and most peaceful frontiers in this troubled old world today. The 
International Treaty of 1907 between the United States and Canada 
sets forth the relations which should exist in order to maintain this 
longstanding friendship. The subsequent reports of the International 
Joint Commission disclosed the existence of certain pollution problems 
along this boundary which merited attention and correction. As the 
State of Michigan and the Province of Ontario occupy much of this 
common frontage, certain problems have fallen upon them to solve. 
These are not unlike certain interstate problems within the United 
States. They have brought together in conference, both officially and 
unofficially on past occasions, officials of this Province and the Domin- 
ion, with corresponding officials of my state and the United States Pub- 
lie Health Service. As Secretary-Engineer for the past ten vears to 
Michigan’s water pollution control agency, I may have some observa- 
tions and experiences which will be considered pertinent. 

The means of correction of pollution due to sewage are well under- 
stood and standardized today. One, or a combination, of several well- 
known methods will carry the treatment to various degrees of purifica- 
tion, depending upon local requirements. Industrial wastes, on the 
other hand, create a larger number of injuries to the public waters 
than does sewage. Less is known as to practical means of correction. 
Were we only concerned with the correction of the injury without the 
ever-present competitive and economic factors, our task would be rela- 
tively easy. 

Michigan is but one of the several central states which have made 
marked progress during the past five years in sewage collection and 
treatment. During the period from 1935 to 1940, the urban population 
providing sewage collection and treatment facilities has increased from 
19 to 83 per cent. Incidentally, the 100-o0dd sewage treatment plants 
that now operate in Michigan are solving a large number of industrial 
waste problems that would otherwise beset us. 

The major and larger industrial problems, however, cither because 
of their size or location, or for some other reason, are not susceptible 
of solution in municipal plants. 

One of the important and necessary reasons for improved control 
of some industrial wastes is for protection of the municipal sewage 
plant function. 

Such problems are most commonly encountered in the small, so- 
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ealled single-industry town. Local officials frequently unfamiliar with 
the limitations of their sewage treatment plants are inclined to offer 
free service along with free building sites and other inducements to 
attract industrial payrolls. Such liberality is occasionally attended 
by a serious pollution ‘‘hangover,’’ municipal headaches aplenty, and 
subsequent outlays of additional public funds. Things have reached 
a crisis when fish die, complaints arise, and state officials find it neces- 
sary to point out that the local municipal plant, otherwise affording 
satisfactory control, has now been rendered inadequate by a new in- 
dustrial loading. Ilere are a few examples: 


A small town in western Michigan provided a septic tank and sand 
filter installation back in 1984. It had a good record of operation until 
this spring. The plant served not more than a total population of 
1,300, plus the wastes of a small milk-receiving station. Last December 
the latter was taken over by a cottage cheese manufacturer. The town 
marshall offered the use of the city’s sewage plant facilities, not only 
for the normal milk plant wastes but for whey, cheese washings, and 
other residue, as well. In June, we were visited suddenly with com- 
plaints of a serious local odor nuisance and fish distress, sickness of 
livestock and unsatisfactory appearance of the stream. This town is 
now confronted with the necessity of rebuilding completely its sand 
filter installations ruined in the experiment, and the whey has been 
diverted to a storage tank for return to farmers for stock feeding. 
This, of course, is how it should have been disposed of in the first place. 
Other residual milk wastes will be treated by the industry on a new 
biological filter prior to discharging the effluent to the municipal sewage 
treatment plant. 

At another place with a similar problem, the municipal plant has 
been progressively less able through the vears to handle its load satis- 
factorily. The city had made a new contract with the industry and 
proceeded to set up its plans and vote a local bond issue. This was in 
anticipation of modernizing the local waste disposal facilities. When 
the people had authorized the outlay, final approval of plans was sought 
of the Michigan Department of Health. Our sanitary engineer, sitting 
in on the conference, had to take issue with the adequacy of the proposed 
installation. As a result of subsequent tests, the original plans have 
heen revamped. The company is to make its contribution in a some- 
What larger amount than originally anticipated and, in addition, is to 
provide pre-treatment before passing its wastes and its responsibilities 
to the city. 

We have also encountered situations where the wastes from certain 
industrial plants have exhibited definite toxic effects. In municipal 
sewerage systems, they have had the effect of destroying the bacterial 
life either in the digesters of sewage treatment plants, or ruining the 
activated sludge floc. This seems to be caused most frequently by 
discharges of copper or other metallic bearing salts. Occasionally they 
are present with evanide wastes. When a digester stops working or 
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when the purification end of the sewage treatment process ceases be- 
cause of industrial contribution, we have joined with the Michigan De- 
partment of Health to require the industry to segregate and pre-treat 
its wastes. The discharge should not impair the municipal sewage 
treatment function. Local officials are reluctant generally to exercise 
their right of control over their sewer systems and plants. The effect 
of this situation is to impose a greater burden on the state admin- 
istrative agency if proper pollution control is to result. 

The sources of Michigan’s principal industrial waste problems are 
found in the discharges from 13 beet sugar plants, 52 paper and 10 pulp 
mills, 81 canneries, 9 tanneries, 14 textile plants, 2,900 oil wells, 27 re- 
fineries, 34 breweries and distilleries, 55 gas plants, 24 gravel and 
crushed stone washing plants, 150 meat packing plants, 350 milk prod- 
ucts plants, 23 salt and chemical plants, 25 metal working and plating 
plants, and 2 steel mills. 

For the most part, the wastes discharged from these industries pass 
directly through company sewers or drains or ponds and occasionally 
waste treatment plants to the streams or waters of the state. Wastes 
from a few of the above industries find means of disposal in the sewage 
treatment plants previously mentioned. 

Some of the injuries we have encountered due to industrial pollution 
are as follows: 

Waste oil field, salt and chemical plant brines cause chemical pollu- 
tion of streams, impairing their value for public or industrial or agri- 
cultural water supplies. 

Oily wastes in small quantities are frequently aesthetically offensive. 
Where present in sufficient amount to cause ‘‘film,’’ oil will retard re- 
aeration of the stream, not to mention the destructive physical effect 
on fish and certain species of wildlife. 

Phenolic and ecresolic taint is frequently imparted to waters receiv- 
ing the wastes from oil refineries, gas plants and certain organic chemi- 
cal plants. Public water supplies and the edibilitv of game or com- 
mercial fish have suffered from this type of pollution. 

The wastes from paper mills, tanneries, canneries, textile plants, 
beet sugar plants, meat packing and milk products have the common 
property of high oxygen demand with its resultant ill effect on fish life, 
water supplies and riparian land values. Settleable solids from these 
industries not only ruin fish feeding and spawning beds, but, seasonally, 
are the frequent cause of odor nuisance. 

Acid, alkali and cyanide wastes from metal working and other in- 
dustries cause unexpected and notorious fish killings, sometimes on a 
large scale. In a small south-central Michigan town, eyvanide wastes 
‘aused two serious cattle killings before the problem was placed under 
what we hope will now prove to be adequate control. 

The above generally outlines the scope of our Michigan problems. 


Our experience seems to indicate that satisfactory solutions come only 


when several contributory factors are present. Each has its important 
part to play. 
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First of all is Tar Law—not only that creating the administrative 
agency but the underlying common or court-made law of the jurisdic- 
tion. 

Secondly, the Pontcy and Financtan Supporr possessed by the 
agency or agencies charged with the administration of pollution con- 
trol measures. 

Third, Reskarcu and provision for the securing of additional in- 
formation as required. 

Fourth, stream or Water Sranparps and PotiutTion ReEstTRICTIONS. 

Fifth, Co-operation by the offender. 


When I came to Lansing some ten years ago, I recall the Commis- 
sioner of Health said to me:—‘‘Now, Adams, you can handle the engi- 
neering side of this job OK, but the real problem is in the law. You 
vive that special attention.’’ With the Attorney General of the state a 
member of the Commission, I could see no problem on that score, but 
for good measure, I did join a night study class conducted by a Too il 
circuit judge and stuck to it for the better part of four years. 

This and other studies bring me to the conclusion that there should 
be little necessity for a state agency to control pollution in Michigan— 
that is, if all the aggrieved individuals, township health boards, villages 
and cities of the several classes assumed the responsibilities under the 
law which are given them. It is because local government has failed or 
substantially failed to function in this particular that the state must 
assume the responsibility, for the present at least. 

Now there seems to be an increasing sentiment across the border, 
particularly among certain sportsmen’s groups, that even the states 
have ‘‘fallen down’’ on the job, and, therefore, the federal government 
should undertake it. 


THe Law 


To prevent detrimental pollution occurring or continuing in the 
streams or waters of the state has been the work of the Michigan Stream 
Control Commission since 1929. This separate state agency was cre- 
ated by Act 245, Publie Acts of 1929, of the Michigan Legislature. The 
Commission was established apparently for the purpose of strength- 
ening the state’s position in dealing with pollution matters. This was 
to be accomplished by co-ordinating and correlating the interest and 
activities of the health and conservation departments, together with 
those of any other interested state agencies. There had been times 
prior to 1929 when these two departments had been duplicating each 
other’s work, or had been operating at cross purposes, although the 
common objective of better pollution control confronted both depart- 
ents. This Stream Control Commission, then, is composed of the 
C ommissioner of Health and Director of C onservation, and, in addition, 
the State Highway Commissioner, Commissioner of Agriculture, and 
the Attorney General. Broad powers have been conferred upon the 
Commission by the statute. Hand-in-hand with this power is conferred 
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authority to exercise wide discretion both in setting up stream stand- 
ards and pollution restrictions, as well as fixing the date or time in 
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which such changes are to become effective. , 
Pollution injurious to public health or which tends to destroy fish 
life is declared unlawful, but perhaps the most unique section of the tl 
law is that paragraph which confers upon the Commission ‘authority v 
to take any appropriate action to prevent any pollution deemed un- mM 
reasonable by the Commission in view of the existing conditions in any 
lake, river, stream, or other waters of the state.’’ The effect of this Q 
provision as interpreted by various attorneys general is to give the ti 
Commission nothing less than arbitrary authority to aet to prevent 1 
even threatened pollution in otherwise clean waters of the state, and 
particularly those which now possess high natural quality and utility. 
On the other hand, in waters of the state which for many years have 
been heavily polluted with sewage or industrial wastes, apparently it 
has been the intent of the Legislature to direct the Commission to pro- Ms 
ceed with caution and care to the correction of problems of this nature. I 
It will be noted that the statute creating the Commission ties into a ” 
favorite common law phrase when it mentions ‘‘unreasonable pollution”’ 
and accords to the Commission certain authority toward its correction. al 
By inference, this means there is such a thing as a reasonable pollution. " 
1 


And as we all know, courts of equity will not enjoin or halt such pollu- 
tion. A reasonable pollution is always tied closely to constitutional p 
rights of use and enjoyment of property. In my opinion, failure to 
understand this policy of the courts has led to much eriticism of past 
pollution control efforts. , 








The rights of an industry to the use and enjoyment of its property P 
include a qualified right to the use of the surface waters bordering or 
traversing the premises, let us say, for water supply and waste disposal . 
purposes. This right must be enjoyed and exercised in common with : 
other riparian owners similarly situated. It is when industry or a " 
city forgets that as a riparian it enjoys a qualified rather than an ex- 7 
clusive right to the use of water that we find them vulnerable. 

The Stream Control Commission statute has been in effect eleven ‘ 
years in Michigan without amendment. There are some changes that “a 
should be made. Few sessions of the Legislature have come and gone 
without efforts on the part of some to eliminate the Stream Control ty 
Commission and its jurisdiction. These efforts generally originate in A 
sections of the state where it has been active. re 

The Commission is by no means the only pollution control agency. Vi: 
It depends upon the Michigan Department of Health for approval of el 
plans and subsequent supervision of sewage plant operation for control 
of municipal pollution. The Petroleum Division of the Department of re 
Conservation is charged with the responsibility of preventing oil field W 
pollution. Another member, the State Highway Commissioner, at- ky 
tempts to prohibit the connection of sewage or septic tank effluent to di 






state highway drains. 
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The state drainage code administered by some 68 different drain 
commissioners in as many counties of the state is as yet a sore spot 
in the prevention of pollution in suburban and rural areas. 

Insofar as sanitarians in district and county health departments of 
the state can assume and discharge industrial pollution control super- 
vision and allied obligations, their services are being increasingly 
utilized. 

Finally, we depend upon some 110 municipal plant managements 
and a growing number of industrial managements throughout the state 
to assume the responsibility of knowing that problems within their 
immediate control are functioning properly. 


Pouicy AND Financia Support or ADMINISTRATIVE AGENCY 


Under a law as flexible as ours, policy from month to month and 
vear to year determines to a large extent the progress that will be made. 
Financial support will determine the adequacy or inadequacy of staff 
investigative efforts and contact work. 

We have found in Michigan that the large recent increase in number 
of municipal installations has not decreased, but, on the other hand, has 
increased Commission responsibilities. Where we used to say that we 
had a problem at Battle Creek, for instance, we now have four or five 
problems at Battle Creek with a fine municipal plant in operation. 
These ‘‘new’’ sourees of pollution were always present, but were 
shielded by the presence of the major municipal problem. The minor 
problems must also be eliminated before pollution will really be under 
control at this place. 

As the Commission is composed of five elective or appointive state 
officials, we have difficulty at times in obtaining a working quorum of 
voting members. Hach member has his own departmental responsibili- 
ties. Gratuitous service on the Commission necessarily suffers when 
matters seem not to come at the right time. Even so, present conditions 
are a great improvement over ten or more years ago when, as Colonel 
Rich has said, ‘‘The only time progress was made on pollution control 
was during five or six months in the second year of a two-term goy- 
ernor.’’ 

The resistance on the part of industry to a reasonable pollution con- 
trol program is much less in evidence today than at any time in the past. 
A stronger and stronger public sentiment has helped to break down the 
resistanee. When the double objective of reduced pollution and sal- 
vaged materials or by-products go hand-in-hand, the least difficulty is 
encountered. 

The staff provided for this work in Michigan is so small that we have 
really in effect only a trouble-shooting organization. We have been 
unable to devote sufficient time to the solution of any one problem. We 
know that provision of facilities alone does not assure freedom from in- 
dustrial waste pollution. The matter of monthly reports such as are 
submitted by municipal water and sewage plants does not seem to be 
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the answer. Frequent calls by qualified men, coming in usually with- 
out notice to check up on the current status of waste disposal, seems to 
be the only way by which some managements are kept on their toes, 
Whenever a management is sold on waste disposal or salvage reclama- 
tion as part and parcel of the industrial process, the most satisfactory 
record of control is maintained. Incidentally, this involves the least 
amount of state supervisory effort. 


Researcu AND Metruops oF Controu 


Little progress in industrial waste control would be under way today 
were it not for the past and present research findings of engineers, 
chemists and industrial associations. Much more remains to be done 
in this field, notwithstanding the accomplishments already made. In 
fact, this is the key, as we see it, to the actual accomplishment of the 
desired objective. 

After ascertaining the amount, strength and character of a given 
industrial waste, the next thing we are interested in is what constituent 
or constituents may be salvaged or through processes of screening or 
settling made available for salvage. Anything that will pay its way or 
help to pay its way in this highly competitive era helps the cause of pol- 
lution control. We do not share the idea, however, that the limit of in- 
dustrial waste control is marked by the extent to which material, sal- 
vageable by industry, can be developed. We go back to that ‘‘reason- 
able use’’ yardstick and make the best interpretation we can of its prob- 
able requirements. 

The Engineering Experiment Station of Michigan State College at 
Kast Lansing has been an important research aid to the Commission and 
its work. The station is engaged at this time in conducting experi- 
mental work on the treatment of paper mill wastes in the Kalamazoo 
Valley. Following a hearing last December in Lansing, the Commis- 
sion prevailed upon the paper mill managements to form a committee 
for the purpose of financing and conducting such a program. The prob- 
lem differs from those of Wisconsin and other places—a high percent- 
age of ‘‘de-inking’’ wastes are present coupled with a stream of rela- 
tively low flow and diluting value. Within a year or so, we expect both 
the Commission and the Kalamazoo mills will know the answer to their 
problem in terms of salvage, if any, as well as the degree of improve- 
ment that settling with and without coagulation will afford. 

The qualified consulting engineer, chemist, technical research asso- 
ciation and certain equipment companies have much to their credit in 
advancing the cause of industrial pollution control. 

The development of the control of the beet sugar waste problem in 
Michigan may be worthy of special mention. Here is a short, seasonal, 
financially-distressed industry of 16 state units, nine of whose plants 
under four different managements were located in our Saginaw Valley 
in 1935 along with plenty of oil field brine, refinery, chemical plant and 
sewage pollution problems. Seasonal fish killings for years had been 
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notorious, not to mention the seasonal tainting of the public water sup- 
plies at Dundee, Midland, Saginaw and Bay City. Plenty of predictions 
were heard that the sugar plants could do nothing, or if required to do 
so, would go out of business. 

At the Commission’s suggestion, a technical committee of the Farm- 
ers and Manufacturers’ Beet Sugar Association was formed early in 
1935 to find answers to their problems. The Engineering Experiment 
Station went to work on beet sugar wastes, while the Commission was 
settling orders upon oil field brine and chemical plant problems. 

First through laboratory experiment, then a pilot plant at Bay City 
in the fall of 1935, followed by one unit of a plant-size scale operation in 
1936 and 1937 were undertaken. The results of plain settling with and 
without coagulation were ascertained as well as the limitation of puri- 
fication by aeration or by biological filtration. No salvageable by- 
product appeared to help meet the costs, with the possible exception of 
the settled waste water itself. ; 

A meeting with the industrial managements was scheduled in Septem- 
ber, 1937. Both the state and the industry knew what could be accom- 
plished as the result of the work heretofore undertaken. The Commis- 
sion placed a limitation on process wastes of all plants in the state 
amounting to 5 pounds of 5-day B.O.D. per ton of beets processed, effee- 
tive as of September, 1939. This was to represent a 50 to 60 per cent 
improvement over waste strength as then discharged, or about 200 
p.p.m. Steffens waste discharges were to be discontinued entirely be- 
ginning with 1940. The meeting ended with the distinct impression 
that the order would be contested in the courts. A subsequent conces- 
sion was made to one plant for the use of Steffens waste as a coagulant, 
provided the final effluent waste should not exceed the 5 pound B.O.D. 
limitation. 

lam glad to report, however, that following the February, 1939, meet- 
ing, the tide had definitely turned. All companies are now proceeding 
in Various ways to meet the terms of the Commission’s order. By 
establishing a uniform limit of B.O.D., even though in amount greater 
than could be satisfactorily assimilated in all streams, all plants were 
placed on the same basis at the beginning. All companies were given 
the opportunity of meeting that restriction in any way they chose. This 

open type of specification has developed some very unique remedies. 

An outstanding accomplishment was made by one of the sugar ecom- 
panies located at Blissfield last fall. For the first time in 18 years, no 
fish were reported killed in the Raisin River below this plant. Instead 
of meeting a 5-pound limit of B.O.D., the company, through re-use of its 
settled waste water, dropped its waste load down to about two pounds. 

Continuing changes are under way this vear at other plants. As a 
result, we expect the 1940 campaign will show reduced B.O.D. loadings 
per mill over those reported in 1939. Another two or three years should 
place under control an industrial problem, which at the outset offered 
little or no prospect of solution. 
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STANDARDS AND RESTRICTIONS 


One does not proceed far into the field of industrial waste contro] 
without having to answer the problem of ‘‘how much treatment”? is re- 
quired or ‘fis such and such a plan going to satisfy the Commission.” 
First of all, knowledge is required as to stream flow variation in the 
case of a river for the purpose of calculating the oxvgen resources avail- 
able as an aid to purification of a given trade waste. The sanitary sur- 
vey to disclose neighboring or downstream water uses is also necessary 
to answer the questions of degree of improvement or treatment to be 
required of a given industrial problem. 

We find a general reluctance throughout the states to officially adopt 
stream standards and pollution restrictions. The subject never fails to 
raise an argument. The question is always presented as to whether 
such restriction, if made, should be based on the necessary requirement 
to secure definite relief from given injuries or should it be based on what 
is presently known relative to accomplishing limited progress toward 
that objective. 

Personally, I favor the former course, letting the time element in the 
order be subject to modification where necessary to meet current eco- 
nomic and technical unknowns. The stream or water standard, is, 
moreover, much easier to agree upon than the restriction on pollution of 
the individual offender. With only one source of pollution present, the 
restriction can automatically produce the desired standard. But with 
several or variable pollution sources present, the problem of apportion- 
ing equitable restrictions becomes an exceedingly complex problem, 
legally, mathematically, and biochemically. 

About the only definite conclusion on standards coming out of the 
recent report of the Committee on Waterways Pollution of the Confer- 
ence of State Sanitary Engineers held in Detroit some two weeks ago is 
that like-standards and restrictions are not applicable in all parts of the 
United States. 

Yet, if one of the several forms of federal pollution legislation pend- 
ine before the last three sessions of Congress is to become law, federal 
stream standards must be adopted. It is clear, therefore, that the prob- 
lem of standards must be faced and solved, either by states, regions, or 
on a national basis. 

The act creating our Michigan commission confers upon it the au- 
thority to adopt both stream standards and individual pollution restric- 
tions. As we understand it, however, all such acts are subject to re- 
view in our state courts. If found unreasonable, or such as to deprive 
the polluter of his lawful and constitutional rights, it is clear that neither 
federal nor state standards and pollution restrictions would prove of 
value. 

We have not had available the necessary funds nor man power in 
Michigan to enter upon sufficiently detailed field or laboratory work to 
warrant recommending adoption of state-wide or watershed stream 
standards and pollution restrictions. 
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Yet in preparation for the day that must eventually come, we have 
been Summarizing our staff ideas and conclusions on the subject. They 
have been accumulating during some ten years’ contact with our Michi- 
gan problems. 

Certain minimum requirements should be observed for the handling 
of wastes from various types of industries. Additional treatment is 
necessary in specific instances contingent upon abnormally low stream 
flows, or greater than average development and subsequent use of the 
receiving waters. The objectives to be sought are freedom from ap- 
preciable bottom or sludge deposits, a pH value of the waste discharged 
ranging between 5.8 and 8.2 (aciditv—alkalinity range), freedom from 
surface oil film, no tainting nor toxie substances, no material chemical: 
changes, and at least four (4) p.p.m. of dissolved oxygen in the receiv- 
ing waters. 

In addition, waters from which public water supplies are developed 
should be as free as possible from sewage contamination and in no case 
exceed a coliform index of 4,500. The standard for recreational waters 
is much higher—not to exceed a eoliform index of 1,000, plus satisfae- 
tory sanitary survey findings. Tentative standards of the United 
States Publie Health Service suggest a coliform index of 50. 

Quality in purely industrial waters need not be as high as average, 
being governed in most cases by the eriteria of navigation and other 
industrial uses. 

In making regulations and orders restrieting the polluting content of 
industrial wastes, their volume and characteristics, the amount and con- 
ditions of stream flow available for dilution and subsequent water uses 

are pertinent factors to be recognized. 





TentaTIVE Waste Disposat Cope 


Our general summary of recommended waste disposal requirements 
is as follows: 

1. Beet Sugar—‘‘Straight house’’ waste shall not exceed five pounds 
of 5-day B.O.D. per ton of beets processed. No Steffens waste to be 
discharged. Re-use settled process water whenever possible. Con- 
tinue research on by-products and further treatment to meet special 
cases. 

2. Pulp and Paper—Limit fiber discharge to one per cent of produe- 
tion; waste water volume to 20,000 gallons per ton of product. Efficient 
settling of strawboard or other waste, high in suspended solids, is indi- 
cated as necessary. Chemical coagulation as an aid to settling may be 
necessary seasonally. Sulfite and sulfate liquors pose special problems. 

». Cannery—Mechanieal fine sereening followed by efficient settling 
for removal of suspended solids where necessary. Sedimentation may 
be aided by chemicals. Further treatment, if required, through biologi- 
cal processes. Seasonal impounding of high B.O.D. waste is required 
in extreme eases. 

4. Tannery—Fine-sereening for removal of fleshings and hair.  Kf- 
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ficient settling for removal of suspended solids. Color removal involves 
excessive expense. Further research is required to meet special prob- 


lems. 

d. Milk Products—Reduce milk losses within the plant to a minimum. 
3iological filtration of the wastes is necessary in cases of limited stream 
dilution. Whey, buttermilk, skimmed milk or spoiled milk are never to 
be disposed of to streams or lakes. Return to farmers or dispose of it 
on suitably located land. 

6. Oil Field and Chemical Brines—Hold discharge of waste brine to 
a minimum at all times in waters connecting with those from which 
public or industrial water supplies are developed. Water supply 
‘sources containing brine pollution in excess of an indicated 100 p.p.m. 
of chloride content impairs and corrodes boilers, causes ‘‘red water” 
in hot water plumbing and excessive softening costs. Brine polluted 
water containing 400 p.p.m. chloride is the limit beyond which injury 
is caused to brook, rainbow and brown trout and their propagation. 
Waters subject to brine pollution must contain at no time in excess of 
4,000 p.p.m. to prevent injury to live stock, agricultural lands subject 
to flooding, and to bass, pike and perch water. Careful ‘drilling in”’ 
of wells and observance of approved regulations of the Supervisor of 
Wells to prevent the creation of unnecessary waste brine is of first 
importance. Produced brine, not constructively used for dust laying, 
ete., is filtered and returned to underground formations under Super- 
visor of Wells jurisdiction. Ponding has been generally discredited 
and evaporation is impracticable in our climate. 

7. Phenols—The discharge of wastes bearing phenol or cresolic 
compounds originating either in chemical or creosoting plants or oil 
refineries, or other sources shall be held to an irreducible minimum at 
all times. The taste threshold for phenol is one part in 200 million 
parts of water (in public water supplies utilizing chlorination). The 
remedy is in segregation and impounding, recovery of necessary waste 
where possible, filtration of effluents under controlled temperature con- 
ditions and ponding before discharge. 

8. Metal Treatine and Platine—Neutralize acid and caustic wastes 
prior to discharge. Remove cyanide completely from plating room 
wastes before discharge. Bury accumulated cyanide sludges—never 
discharge with waste water. Careful disposal necessary to prevent 
subsequent human contacts or availability to livestock. 

9, Textiles—Neutralization, removal of color and up to 75 per cent 
of the oxygen demand of such wastes by settling, aided by chemicals. 
Further research is in order. 

10. Oil—No waste oil to be discharged or permitted to flow from oil 
pipeline, oil field or refinery operations. ‘Constant patrol and mainte- 
nance of pipeline and oil fields is required to prevent waste. Refineries 
provide adequate and approved separators within diked sites. Routine 
daily attention to separator and disposal of seum and accumulated 
sludges. Where oil is still present in separator effluent, supplement the 
treatment by providing removable and renewable straw or hay filters. 
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Up to two or three sets of filters in a single drainage line may be neces- 
sary. Prevent the discharge of phenol-cresol wastes from the refinery 
by substituting solid, adsorptive filter media for ‘‘water-washing”’ of 
easoline. Seeregate and eliminate from waste lines the concentrated 
‘doctor’? and caustic solutions or process wastes. Continuing research 
is indicated as necessary. 


COOPERATION 


Much may be said as to the part which cooperation plays between 
state and industry in the matter of accomplishing the best results. Few 
terms are as misused or misconstrued as this one. Many are the sins 
of commission and omission that have been done under the name of 
“cooperation.’? My definition, however, is compliance or good faith 
attempt at compliance without resort to court action. 

This cooperation generally starts after the existence of a problem 
and the need of its correction have been officially declared. On the part 
of the industry not only variable cash outlays and technical studies and 
changes are required, but a willingness to surrender certain rights of 
water use previously enjoyed. When cooperation fails in part and it 
hecomes necessary to obtain the latter by court action, decisions that 
have come to my attention have seemed to conditionally countenance 
certain industrial pollutions, whereas corresponding municipal injuries 
have been restrained. 

The lower Raisin River as it joins Lake Erie presents such a case. 
Heavy paper mill discharges combined with those of the City of Monroe 
to produce seasonally acute oxygen depletion and solids deposits in a 
short navigable waterway. The development of a recently acquired 
state park adjacent to the river mouth in Lake Erie has been arrested 
until conditions are improved. The city and one of the smaller mills 
are now providing adequate sewage and waste disposal. Two large 
mills are still experimenting. 

The litigation referred to occurred some 15 years ago. It is com- 
mouly spoken of as the Carp Pond Case found in Vol. 240, Michigan 
Reports, page 279. Suit was brought by the owner of a carp pond con- 
necting with the lower river. His fish finally got thin and died and his 
business disappeared as a result of pollution of the Raisin River at this 
point. The state, unfortunately, did not intervene and did not become 
a party to the suit. Some troublesome law has been made as a result 
of this court decision. The effect of the decision was to place a pre- 
mium upon ignorance on the part of industry in the handling of its 
waste disposal problem. The industries successfully defended some 
long and expensive litigation, although paying in the end _ sufficient 
damages to permit the carp pond owner to move his business elsewhere. 

The decision both of the lower court and of the Supreme Court in 
this matter was predicated upon the showing made by the mill manage- 
ments that there was no way in which they could operate without caus- 
ing the pollution. It has taken years to convince these paper mill man- 
agements that this problem was susceptible of improvement. The prob- 
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lem at this place is by no means settled although some real progress has 
been made. The water quality requirements today are necessarily Is 
higher than they were 13 vears ago. It will be some vears yet before ins 
the effect of many vears of discharge of paper mill pulp and refuse will pli 
disappear from the shores of Lake Erie at this place. But it has been me 
necessary to overcome the effect of this former court decision by actual In 
demonstration treatment before anything could be accomplished. fie 
Cooperation is solicited wherever possible on a group basis. Some pr 
seven committees have been active at various times during the past 15 as 
vears in Michigan. They have aided and sponsored research for the mi 
development of ways and means of correcting certain waste problems ep 
and, in some cases, by aiding individual industries to police their own 
doorsteps. These committees are: 
1. Brine Disposal Committee of the Oil and Gas Association. nt 
2. Technical Committee of the Farmers and Manufacturers Beet Sugar pa 
Association. ol 
3. Stream Pollution Committee of Allied Dairy Association. un 
4. Michigan Paper Mill Waste Committee. rr 
». Technical Committee of the Tanning Industry. as 
6. Michigan Canners’ Committee on Waste Disposal. 
7. Michigan Gas Association. - 
IS- 


Some of these efforts have been very effective and others have not. " 
I have been told that the original paper mill committee was formed to Mi 
battle the state when this matter came to a crisis in 1928. 

We find it necessary to understand something of the industrial proc- = 
esses, requirements and viewpoint toward these problems as well as our rl 





own. When we have failed to obtain cooperation by prevailing on a 4 
given industry to try remedies which have resulted in improvement else- Le 
where, we generally have brought these matters to the attention of the 
Commission. Specific notices of failure to control pollution or clean-up we 
orders are then made. The working relationship which exists between th 
the staff and the Commission itself is one of bringing to it only those of 
problems which do not seem to solve themselves after a reasonable trial en 
period. It has further been necessary to plan the Commission’s work 
as stated previously by taking the worst problems first rather than by in 
cleaning up entire watersheds. The law under which we operate vir- di 
tually makes such action necessary. We have found in following this mi 
procedure that many of the lesser problems automatically solve them- ou 
selves without much effort, perhaps from the example set by the larger sis 
installations. ha 
It is within this field of cooperation that the state representative ne 
meets his greatest challenge. To get something done for a worthwhile re 
cause by prevailing upon managements to do the right thing in the pub- th 
lie interest is salesmanship at its best. en 
Cooperation by industry under such pressure as is necessary creates re 


certain problems at times that require not only technical fitness but high 
devotion to duty on the part of the governmental emplovee. 
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One of the most satisfactory compensations that I know of, however, 
is when ‘‘industry finally comes through’? and does a real job of clean- 
ing up. It will take as much or more pride than you do in the accom- 
plishment, particularly if the management feels the accomplishment was 
made ‘ton their own’? and without being pressed too much to do it. 
In this respect, industrial reaction differs from that in the municipal 
field. The city officials generally find it necessary to lean on state 
pressure to justify tapping the public treasury for such improvements 
as the city must make. The ‘‘skin’”’? of industry, on the other hand, is 
much more sensitive to adverse publie criticism than is the municipal 
epidermis. 

SUMMARY 


Industrial waste treatment and control is susceptible of accomplish- 
ment although progress generally trails that being made in the munici- 
pal field. It is necessary for restoration and maintenance of the value 
of a state’s water resources in order that they may best serve the public 
interest in the many ways which only these waters can and must serve. 
Treatment and control of industrial waste is also frequently necessary 
as an adjunct to successful municipal sewage plant operation. 

Various factors, when present in their proper relation and effective- 
ness, contribute to the successful control of industrial wastes. There 


is 


First: The law of the jurisdiction, including that creating the admin- 
istrative control agency. 

Second: State poliey and financial support of the activity. 

Third: Research and methods of control. 

Fourth: Stream standards and pollution restrictions, and 

Last: Cooperation by industry. 


None of us can accurately foresee, perhaps, the effect of the many 
war industries and activities on such control programs. Obviously, 
the national defense must come first, and time is of the essence. Most 
of the accomplishments now made were unknown during the last 
emergency. 

Within the past month in Michigan, both military and industrial 
inquiries have been received to ascertain the extent of sewage or waste 
disposal requirements with respect to specific or anticipated develop- 
ments. We have indicated our desire to aid in every possible way, and 
our suggestions have been cheerfully received. We regard this as 
significant. It indicates that all the bars against pollution should not 
have to be taken down during this period. We entertain the belief that 
new camp developments and industries are dependent upon the water 
resources protection that only the Michigan Department of Health and 
the Stream Control Commission ean give. If such be the case, the 
emergency users of our water resources, should be able to comply with 
reasonable state requirements for the protection of others. 
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By Gorpon M. Fatr, Epwarp W. Moore, anp 
Harotp A. THomas, Jr. 


Harvard Graduate School of Engineering, Cambridge, Mass. 


LTV. EKrrecr or SuupcGe TEMPERATURE UPON Rate or DEcCOoMPosItTion 


Temperature changes, running their seasonal course in lakes, 
streams, and other bodies of water, exert profound effects upon the 
rate of decomposition of river muds and pollutional sediments. Chemi- 
cal and biological activities, rates of diffusion, viscosity and density of 
interior fluids, and the solubility of gases are all functions of tempera- 
ture. As the deposits warm up in the spring, chemical and biological 
activities are stimulated, diffusion is increased, and viscosity, density 
and the solubility of gases are reduced. Most of these changes combine 
to promote decomposition but, at the same time, to endanger its orderly 
progress by exhaustion of dissolved oxygen, the liberation of gas bub- 
bles, and the gas-lifting and flotation of bottom deposits. Falling tem- 
peratures exert the opposite effects, but ice cover may bring about 
objectionable conditions in the water overlying sludge deposits by pre- 
venting atmospheric reaeration. 

The temperature of bottom sediments is not the same as that of the 
supernatant water. As shown by Birge and Juday (13),+ the mud 
temperature is less than that of the water in summer and more in 
winter. The deeper the mud, the greater is this difference. As a re- 
sult, there is a tendency for decomposition to be decreased in summer 
and increased in winter relative to the water temperature. 

Experimental Procedures.—A_ river mud rather than a sewage 
sludge was used in the authors’ studies of the effect of temperature 
upon rate of decomposition. The character of the deposit employed : 
has been described in Section I of this series of papers (Table I) and | 
is further claborated in Tables XI, XIII and XIV of Section V._ It 
may be concluded from these shee properties and chemical analyses 
that, at the time of its collection in the late fall of the vear, the sedi- 
ment had probably entered the third period of benthal decomposition, ) 


ie., quiescent stabilization, and that the anaerobic component of decom- | 

position had been nearly completed. Diminished anaerobic activity is | 
This is the second group in a series of papers on this subject. The first group appeared 

in the March, 1941, issue of This Journal, pp. 270 to 307, and contained the following discus- 

sions: L. Benthal Decomposition—General Concepts; II. Rates of Benthal Decomposition ; and 

III. Effect of Sludge Depth upon Rate of Decomposition. 1 


t References 1 to 12 are appended to Sections I to III of this series of papers, 
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characteristic of deposits in this stage of decomposition, but does not 
imply that their oxygen demand has been fully satisfied. 

The apparatus emploved in the benthal studies was similar to that 
described in Section I, Fig. 2, except that the three samples of river 
mud were placed in 4-liter bottles and immersed in constant-temperature 
baths. Hach bottle contained in excess of 2 ke. of mud which filled the 
bottles to a depth of 10 em. and presented a surface of 198 sq. em. to 
the flowing water. The baths were maintained at 10, 17.5 and 25° C., 
respectively, 7.e., within the upper range of river temperatures for which 
decomposition is measurably large. As in the ‘‘depth studies’’ of See- 
tion III, the progress of benthal decomposition was compared with that 
obtaining (1) under essentially aerobic and (2) essentially anaerobic 
conditions. For aerobie decomposition a single temperature of 23° C. 
was employed, for anaerobic decomposition the same three tempera- 
tures (10, 17.5 and 25° C.) as for benthal decomposition. 

As in ‘‘the depth studies,’’ too, the changes taking place in the muds 
were evaluated in the following ways: 


1. Measurement of (a) the oxygen absorbed from the supernatant 
water; (b) the aerobic oxygen demand, or long-time B.O.D. of the 
sludge; and (c) the volume and composition of the gas liberated during 
anaerobie digestion of the sludge. 

2. Measurement of (a) the loss of nitrogen from the deposit; (b) the 


changes in its iron content; and (c) the reduction in its fuel value. 

Only the first group of observations will be discussed in the present 
section of this paper. 

Kaperimental Results—The changes observed during 145 days of 
henthal decomposition at 10, 17.5 and 25° C., 10 days of aerobic de- 
composition at 23° C., and 201 days of anaerobic decomposition at 17.5 
and 25° C. are shown in Fies. 12 to 14.* At 10° C., no measurable 
amount of gas was evolved during anaerobic digestion. 

These results confirm the conclusions drawn previously from an 
examination of the physical properties and chemical analyses of the 
river mud: that the deposit employed had been laid down over a con- 
siderable period of time and had reached a relatively advanced stage 
of stabilization before it was brought into the laboratory for investi- 
gation. The observed progress of benthal and anaerobic decomposition 
(igs. 12 and 14) is seen to have been slow and so little affected by 
further changes in rate of decomposition and amount of decomposable 
material remaining as to vield almost straight-line variations, or sub- 
stantially constant rates, even during long-time exposures in the labora- 
tory. Nevertheless, the results obtained are believed to be amenable 
to partial numerical generalization by departing from the conventional 
formulation of the effect of temperature upon the amount of material 
that is decomposable. The enforced departure, incidentally, is believed 
to be backed by theoretical considerations. Aerobic decomposition at 
the single temperature of 25° C. (Fig. 13) is seen to have been of normal 


Figures 1 to 11 are found in Sections I to IIL of this series of papers. 
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rapidity (A. = 0.28) after a lag period of about 2 days. This period 
of adjustment is somewhat obscured in its effects upon the course of 
the B.O.D. by the exertion of the immediate oxygen demand of the mud. | 
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Fig. 12.—Observed course of benthal oxygen demand of river mud at 10, 17.5 and 25° ©, 
The change in demand with time is so small that, for purposes of comparison, the rate may be 
assumed to be uniform over the period of observation. 


fe) 
O 






@ 


Oo) 


ular Curve 





Oxygen Demand (Gm. O5 per kg. V.S) 


W 

n 

Oo : 

fe) 2 4 6 8 10 hi 

Time in Days SI 

FG. 13.—Observed biochemical oxygen demand of river mud at 238° C. High initial de o' 

mand and lag combine to obscure the normal course of B.O.D. The constants of the fitter ly 

unimolecular curve are: (ty 0.236 close to the normal value for polluted water (2.303 X 0.1) : 
and Ly 99.2. The calculated lag is 2.1 days. 

t 

The measured first-hour demand was 16.5 grams per kg. of volatile a 

solids initially present, but this may not be a true determination of the S( 

immediate demand (5). The ultimate first-stage demand was close to ne 


100 grams per kg. of volatile matter. 
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Mathematical Formulations of the Effect of Temperature on Decom- 
position.—In Section IT of this series of papers, the progress of de- 
composition was formulated in terms of the following concepts : 


y — the amount of material decomposed or the oxygen demand 
exerted in time # (yin the simple unimolecular formulation) ; 
L — the ultimate amount of decomposable material or ultimate 
oxygen demand (x in the simple unimolecular formulation) ; 
;; = the reaction velocity constant, reflecting the initial availabil- 
ity of the substrate and depending upon the type of organic 
matter present and the condition of the physical environment 
(/. in the simple unimolecular formulation) ; 
and a= the coefficient of retardation, depending upon the type of or- 
ganic matter present and the condition of the environment 
(a = 0 in the simple unimolecular formulation). 


per kq of 


Gas CLiters 


Total 
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Fig. 14.—Observed course of gas production of river mud during anacrobie digestion at 
17.5 and 25° CC. At 10° C., release of gas was too small to be recorded. Changes in gasifica- 
tion are so small that, for purposes of comparison, the rate may be taken as uniform over the 
period of observation. 


The variables y and # are here linked by the coefficients L, k, and a, 
which singly or in combination would normally be expected to vary in 
nagnitude with temperature. How such variation may be formulated 
has been shown, by Streeter and Phelps (14), in connection with the 
simple unimolecular formulation of biochemical oxvgen demand. For 
vas production by sewage sludge, it has been done, in similar fashion, 
by Fair and Moore (15). 

Because of the character of the deposit employed in the ‘‘tempera- 
ture studies,’’ the mathematical evaluation of the parameters L, k, and 
a was not considered sufficiently reliable to permit the caleulation of 
separate temperature characteristics for these parameters. It became 
necessary, therefore, to ‘‘eut the suit to fit the cloth’’ by lumping the 
temperature effects and developing an overall temperature character- 





760 SEWAGE WORKS JOURNAL July, 1941 


istic in place of individualized characteristics for rate and ultimate 
magnitude of decomposition. 

Streeter and Phelps, proceeding from the simple unimolecular equa- 
tion (2a), relating y and ft by means of the parameters *& and L, found 
that the variation of / with temperature could be represented convyen- 
iently by the van’t Hoff-Arrhenius equation, while that of L was satis- 
fied approximately by the simple linear relationship: 


Lr, = Lr,[1 a Ci(T > and T;) ] 


where Lr, and L7, = the values of L at temperatures T, and T’, 
spectively ; 

and C, = the temperature coefficient for LZ, the temperature 
generally being expressed in degrees centigrade. 


The van’t Hoff-Arrhenius equation itself reads as follows: 


E Ts—T 


ker, = krye® (Mrt 278.1) (12+278.1) 


where kr, and ir, = the values of k& at temperatures T, and T), 
spectively ; 
= the gas constant = 1.99 calories per gram mol; 
= the energy of activation, a constant equal to the 
amount of energy that a molecule must possess in 
order to undergo the reaction in question ; 
and > = the Naperian base = 2.718. 


Within the limits of natural water temperatures, as shown by Streeter 
; E I 

and Phelps, a portion of the exponent, namely — —. — tt 

en "ERT, +2, + 773.) 


is substantially constant and can be replaced by the temperature coef- 
ficient, C;. Equation (4) then reads as follows : 


kr, = krieCe(T2-71) (4a) 


Expansion places this equation in the following form: 


kr. = kr. + C.(T? T',) 4 4C.72(T 2 rt T,)? 
+ ¢CR(T, — Ti)? +-- -] (4b) 


and establishes a close analogy to equation (3) which is seen to possess 
but the first two terms of a similar expansion of : 


Lr, = Brett Tv, (3a) 


Substitution of the exponential equation (8a) for the linear equation 
(3) is mathematically warranted in view of the fact that Cy, is small. 
Moreover, there appears to be some theoretical justification for the 
exponential formulation based upon the fact that Z is proportional to 
the final concentration of the end products of the biochemical processes 
of decomposition. As shown by van’t Hoff (16), the concentration of 
these products depends upon temperature according to an exponential 
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relationship of a form identical with that of equation (4). While van’t 
Hoff’s equation is derived theoretically only for reversible reactions, it 
may be reasonably assumed that a similar formulation applies to certain 
irreversible reactions, such as the biochemical oxidations occurring during 
the stabilization of pollutional sediments. In any event, insufficient 
information is available at present to decide, with any degree of finality, 
whether equation (3) or equation (3a) is most nearly in accordance with 
fact. It will be shown, however, that adoption of the exponential ex- 
pression facilitates the overall formulation of the influence of temperature 
upon the rate of decomposition. 

Having decided upon the form in which temperature effects are to be 
evaluated, we must next find a way by which these evaluations may be 
adapted to the exigencies of the material used in the temperature studies 
and the experimental findings which, as stated before, do not permit 
satisfactory separation of the effects of temperature upon rate and ulti- 
mate extent of decomposition. In Section III of this series of papers, it 
was shown that the rate of benthal decomposition may be expressed as 
follows : 

ee kL 
oat (1 + al)eeri 
where y’ = dy/dt is the rate of decomposition or the rate of oxygen 
demand exerted at time ¢. For our purposes, equation (1d) may be trans- 
formed to read: 





(1d)* 


y’ = k’ L’ (9) 


L oe 
- = the amount of decomposable material in the 


where L’ = — "i 
(1 + at)*’2 


deposit at the time of sampling ; 


k: ‘ , 
- = the reaction velocity at the time of collecting the 


: e = - — 
ae (1 + al) 


river deposit in the field and bringing it into the 

laboratory for study. 
Use of the product k’L’ makes it unnecessary to evaluate L, k and a and 
to know, or determine, ¢. If one sample of river mud is permitted to 
decompose at a temperature 7; and another sample of the same mud at 
a temperature 7, the observed rates of decomposition are yr,’ = kr,'Lr,’ 
and yr.’ = kr./Lr,’. If we assume that hk’ and L’ are affected by tem- 
perature in a manner similar to & and LZ in the simple unimolecular formu- 
lation of reaction velocities, it follows from equations (3a), (4a), and (5) 


that: 
yrs! = yrieccr tern (TT) 


and if we let Cy + Ci = C 
ys’ = yr ec (te 7). (5a) 
Here, we may call C the overall temperature characteristic and solve for 


* Equations 1 a, b, c, d and 2 a, b, ¢, d are found in Sections IT and IIT of this series of 


papers, 
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it by writing: 
l yrs! 
C= = log,: 
qs sa T 6 yt 


(Sb) 


The value of C may be determined most readily from the slope of a 
straightline plot based upon equation (5a) in logarithmic form : 


ani 
log. = 0.4343 C (T2 — T,); 5e) 
YT) 
but a precise evaluation of C requires a least squares analysis based 
upon equation (5a) itself. 

Expressed in general terms, equation (5a) states that the percentage 
increase in the rate of decomposition per unit increase in temperature 
is approximately equal to 100C.* A value of C = 0.06, for example, 
signifies that the rate of decomposition increases by about 6 per cent 
for each degree of rise in temperature. The overall temperature char- 
acteristic, therefore, is analogous to a rate of compound interest. 

Calculated Temperature Characteristics.—The overall temperature 
characteristics calculated by means of equation (5b) from the results 
presented in Figs. 12 and 24 are shown in Table X * together with 
other values of C computed from published data for those biochemical 
processes that play a controlling part in the natural purification of 
pollutional sediments. 

The values of C appear to fall naturally into two classes that corre- 
spond to the type of decomposition to which the material is subjected. 
For aerobic decomposition, as measured by B.O.D., C seems to lie in 
the neighborhood of 0.070. For total gas production in anaerobic de- 
composition, the average value of C is 0.095. The two results caleu- 
lated for benthal oxygen demand align themselves with the average 
for aerobic decomposition (but see below), while anaerobic decomposi- 
tion of lake and river muds seems to be affected by temperature to much 
the same degree as anaerobic decomposition of sewage solids. It may 
be noted, in passing, that the values of C for aerobic processes would 
about double the rate of decomposition for a rise in temperature of 
10° C. For anaerobic processes, C is of such magnitude as to increase 
the rate about 2.5 times. The figure 0.073 obtained by Allgeier and his 
coworkers for the anaerobic decomposition of mud from Lake Mendota 
is low. It is based, however, on the production of methane rather than 
total gas. The reduced solubility of carbon dioxide at higher tempera- 
tures may account for this observation. It should be emphasized that 
values of C recorded in Table X are averages over the range of tem- 

*For (72 — T,) = 1, equation (5a) states that yz,’ — yr,’ = yr,(eC — 1) and, by expan- 
sion: 

YTe — YTV ee Ct Ce.) 1, 
or, since C is small: si ; : 
100 27: —_ 97s .. 100 C. 
YT, 
* Tables T to TX appear in Sections I to IIT of this series of papers. 
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Taste X.—Overall Temperature Characteristics of Aerobic, Anaerobic and Benthal Decom position 


| Characteristic 


Deco Material | — | bi, sricremte ~ ; ; Remarks 
i | | 5 A 
1) (2) (3) (4) (5) (6)t | (7) 
Aerobic Domestic sew- | 14 8, 10, 20, 30, 37.5 | 0.068 ; | 1.070 | Computed from 
age and pol- | | ek = 1.047 and 
luted river | | | | | <€p. = O02: 
water : FO: | 9, 20, 30 | 0.072 | 1.075 | Based on observed initial 
| | | ? | slopes of curves. 
Domestic sew- > iT 5, 7.0; 10, 20 0.083 | 1.087 | Based on “least square” 
age | ~ | ‘Sytsy0"20 | 0.071 i 074} determinations of Cy 
> os OS 255 (0.1389) 1.149) and Cz. 
River water ™ 0:5,.2:5255 725,10; | 0! 54 | 1 1.055 
20 | 
Anaerobic | Lake mud 1 23.31,.0 | 0.0783 | 1.076 | Based on methane pro- 


| | duction. 
Lake mud iy | 4,21 


0.092 | | 1.097 Based on total gas pro- 
| duction. 
River mud 17.52:25 | 0.102 | 1.107 | This study. 
Seeded sewage t 15 to 30 (0.102 | 1.107 | Computed from 
solids eCk = 1.073 and 


| | Ci = 0.027. 
| Unseeded sew- IS 10, 18, 24, 29.5 | 0.091 | 1.095 | Computed from curves. 


age solids 


Benthal =| Unseeded sew- I 22:3; 238.7 0.075 | 1.078 | Computed from rate of 
age solids | oxygen demand in 35.5 
days. 
River mud 10; 17.5; 25 0.065 | 1.067 | This study. 


* ik. W. Moore. This Journal, 13, 561 (1941). 

+ From a statistical study of a wide range of data. 

t This column expresses the temperature characteristic in the manner proposed by Streeter 
and Phelps (14). 


peratures indicated. It is not to be inferred that the temperature char- 
acteristic is a constant over the entire range of natural water tempera- 
tures. As shown in Table X, appreciable changes may occur, particu- 
larly in the lower range of temperatures. 

That the magnitudes of the temperature characteristics for benthal 
oxvgen demand and anaerobic gasification are significantly different is 
in agreement with the authors’ theory of the mechanism of benthal 
decomposition, according to which the two modes of stabilization are 
carried forward independently. Anaerobic activity, which predomi- 
nates initially, runs its course towards completion in advance of aerobic 
decomposition because aerobic stabilization is retarded by certain 
physical barriers that obstruct the free movement of gases and liquids 
within the bottom deposits. Aerobic decomposition, which is more 
rapid in normal environments than anaerobic decomposition, is con- 
trolled, under benthal conditions, not so much by the rate at which the 
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end products of the anaerobie phase of decomposition are liberated, as 
by the rate at which these products are transported to the oxygenated 
surface zone. Consequently, the two biochemical phases of benthal 
decomposition are not directly connected but proceed at rates inde- 
pendent of one another, and it is entirely reasonable that the tempera- 
ture characteristic of the individual processes should also be inde- 
pendent. 

Since it has been suggested that the rate of benthal oxvgen demand 
is circumscribed by the rate of transport of the interior fluids of the de- 
posit to the sludge-water interface, it is a matter of interest to ascertain 
whether or not the effect of temperature upon this rate is in agreement 
with this statement. As suggested in Sections I and IIT of this series 
of papers, the upward passage of oxidizable compounds depends upon 
the operation of processes of consolidation and diffusion that are goy- 
erned in their rates by the coefficient of permeability of the deposit and 
the coefficient of diffusion of the interior fluid. Both of these coefficients 
are functions of the viscosity of the fluid. Consequently, differences in 
temperature cause changes in viscosity and therewith in the rate at 
which oxidizable interior compounds are transported upward into the 
zone of surface oxidation. If the effect of temperature upon concen- 
trated solutions of organic compounds of the type found in pollutional 
sediments is formulated as in equation (5a), the calculated values of C 
are found to be of the same order of magnitude as those obtaining in 
benthal oxidation (0.06 to 0.07). This observation would appear to lend 
additional support to the authors’ theory that consolidation and dif- 
fusion control the rate of benthal oxygen demand. 

Sample Calculations —In Section IIL of this series of papers it was 
shown that decomposable matter accumulating during the winter to a 
depth of about 2 in. in a pond covering an area of 10 acres would exert 
(a) an initial or maximum rate of demand of 3.18 grams per sq.m. daily 
and (b) a demand after 200 days of benthal decomposition at summer 
temperatures (20 to 25° C.) of 0.70 grams per sq.m. daily. If C is taken 
at 0.065, these rates would be reduced at winter temperatures (0 to 10 
(.) to the following values in accordance with equation (5a). 


(a) Initial or maximum rate at 7.5° C. (T, — T; = — 15), 
y’ = 3.18 ¢ OOX! = 3.18 + 2.64, 
or y’ = 1.2 grams per sq.m. daily or 1.2 X 8.92 


| 


= 10.7 lb. per acre daily. 
(b) Rate when decomposition has been carried to the same stage at 
7.5°C, as it was at 22.5°C., 
y’ = 0.70 eX = 0.70 + 2.64, 
or y’ = 0.26 grams per sq.m. daily or 0.26 X 8.92 
3.0 lb. per acre daily. 


I 


Caleulation of the actual benthal oxygen demand exerted in a given 
time at a temperature other than 20 to 25° C. must await independent 
evaluations of the temperature characteristics for rate and ultimate 
magnitude of benthal oxygen demand. 
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igure 15 simplifies caleulation of the expected rate of decomposition 
(oxvgen demand or gas production) at different temperatures for known 


Temperature Difference (T>-T)) in SG: 
-8 -1IO -I2 -I4 -I6 -I8 -20 -22 -24 -26 -28 “396 
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Fic. 15.—Ratios of rates of decomposition for various differences in temperature and mag- 
nitudes of the overall temperature characteristic. 


yr, and yf,’ = rates of oxygen demand or gas production at temperatures 7; and 7’: respectively. 
1’; and 7, = temperatures in °C 
C = overall temperature characteristic. 
, 
YT» = eC T's=T 3) 
UT, 


values of the temperature rate characteristic. This diagram is based 
upon equation (da) in the following form: 


/ 
YT. ia 
= = (MT) (5d) 
YT) , 
and gives the ratio of the rates of decomposition at different temperatures 
(yr.'/yr,') for given temperature differences (7. — 7) and temperature 
rate characteristics (C). In the example just given, C = 0.065 and 


f= Fj == 19°C. Red in Fig. 15 yr.'/yr,’ = 0.38 and calculate 
for y7,/ = 3.18, yt,’ = 3.18 X 0.38 = 1.2 
or for yr! = 0.70, —-yrz’ = 0.70 X 0.38 = 0.27 


both as found before. 
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CHaNnces IN NirroGen, Iron anp Furt VaLue or Decomposixg 
Bortrom Deposits 


V. 





Among the many constituents of decomposing river muds and pol- 
lutional sediments, the nitrogenous materials, the iron-bearing com 
pounds, and the calorific substances were selected for study either he- 
cause of their relation to the quality of the supernatant water or be 
cause of the added light that their changing concentration and cousti- 
tution throw upon the nature of the processes of decomposition that are 
such important forces in the conservation of our natural drainage chan. 
nels. Changes in biochemical oxygen demand will be discussed in a 
later section of this series of papers. 

As stated before, the authors’ studies dealt with two types of de- 
posits in two different ways. To determine the effect of depth of de- 
posit upon the progress of decomposition a mixture of fresh sewage 
sludge and inert materials was employed; this will be referred to as the 
sample of sewage sludge. To gage the effect of temperature upon the 
rate of decomposition, a natural river mud was brought into the labora- 
tory; this will be referred to as the sample of river mud. Since it was 
not practicable to collect an ‘undisturbed’? sample, interpretation of 
the results obtained must bear this fact in mind. 

Behavior of Nitrogen.—Anaerobie decomposition of nitrogenous or- 
eanie matter is known to vield ammonia and its salts. Under aerobic 
conditions, the ammonia is oxidized to nitrites and nitrates within the 
nitrogen eyele (19). The formation of elemental nitrogen and gaseous 
nitrogen oxides in both aerobic and anaerobic decomposition is claimed 
hy some authorities and denied by others (20) (21). At present, the 
weight of evidence indicates that gaseous forms of nitrogen may be re 
leased by anaerobie decomposition only provided that nitrogen is pres- 
ent as nitrite or nitrate. 

In benthal decomposition, the soluble nitrogen products may be 
leached away by the flowing water and exert in it a delaved oxygen de- 
mand. During the primary period of active anaerobie decomposition 
in benthal deposits, fermentation may be so vigorous as to occasion the 
escape of large amounts of ammonia and organic nitrogen into the 
supernatant water. In later stages of decomposition, however, nitrify 
ing bacteria will have established themselves upon the mud surface and 
may oxidize the ammonia as fast as it is transported from the interior 
to the surface zone. 

Results of Nitrogen Determinations.—In the authors’ studies of sew- 
age sludge, the samples passed through the first period of intensive 
anaerobic fermentation in the laboratory, and large proportions of the 
soluble nitrogen initially present in the sludge were released to the 
flowing water, principally in the form of ammonia. The sample of 
river mud, on the other hand, had completed the first stage of benthal 
decomposition before it was brought into the laboratory, and the soluble 
nitrogen transferred from it to the flowing water was smaller in quan- 
tity and contained a considerable proportion of nitrates and nitrites. 
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Curves showing the cumulative release of the various forms of nitro- 
wen to the supernatant water are presented in Figs. 16 and 17. All 
values are expressed as percentages of the total nitrogen originally 


itrogen Originally Present 


of Total N 
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Fic. 16.—Observed recovery of nitrogen in the form of ammonia, nitrite and nitrate at 
10, 17.5 and 25° C. in water overlying river mud, 


present. Except for greater irregularity, the curves are reminiscent of 
biochemical oxygen demand curves, although measurable liberation of 
nitrogen ceases long before the cessation of measurable oxygen demand. 


In the experiments on sewage sludge, the deeper samples gave up a 
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greater proportion of their total nitrogen to the supernatant water, 
probably because the release of gas per unit surface area was greater 
than in the shallower ones and because they were subjected to greater 
consolidation and resulting upward transport of internal fluids. In the 
curves for nitrogen diffusion from the river mud (Fig. 16), the relation- 
ships between the various possible forms of soluble nitrogen are clearly 
shown. At 10° C., ammonia constituted 84 per cent of the soluble nitro- 
gen transferred to the water, the remainder being in the form of nitrate 
and nitrite; at 17.5° C., the percentage of ammonia was only 23, and at 
25° C., only 14.5. The amount of nitrite was relatively small at all tem- 
peratures. It is evident that oxidation of soluble nitrogen prior to its 
liberation to the flowing water was promoted at the higher temperatures 
so that nitrate became the predominant form of nitrogen released. 
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Fic. 17.—Observed recovery of ammonia nitrogen in water overlying varying depths 


of sewage sludge. 


3ecause of the errors inherent in the determination of the small con- 
centrations of nitrogen existing in the supernatant water, it is not con- 
tended that these curves represent accurately all nitrogen lost to the 
water. The changes occurring in the deposits are considered quantita- 
tively only with respect to total amount and total time, and are based on 
determinations made directly on the sludge and mud, before and after 
decomposition. The changes noted are summarized in Table XI. For 
convenience of comparison, the results are (1) expressed on a percent- 
age basis and (2) accompanied by the results of the anaerobic studies 
that were carried on in parallel with the benthal experiments. 

Examination of Table XI shows marked differences in the behavior 
of nitrogen in the various samples tested. In the sludge studies, the or- 
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Taste XI.—Changes in the Nitrogen Content of Benthal and Anaerobic Sludge and River Deposits 
A. Decomposition of Varying Depths of Sewage Sludge at 20 to 25° C. 
Organic nitrogen at start: 6.28 grams per kg. of dry solids. 
Ammonia nitrogen at start: 1.07 grams per kg. of dry solids. 


|} An- 








| | aerobic 
| Benthal Decomposition for | Decom- 
| 450 Days | ——- 
or Jo 
| | Days 
Mean Depth, em...............e0eeeeeees | 10.2 | 4.75 | 2.55 | 142 | 142 | 113 
Volatile Matter | | | 
Arita, MOP ET SQN iiss 6 ns dees ace Kaa oc | 3.77 | 1.38 | 0.513 | 0.188 | 0.188 2.69 
Organie Nitrogen | | | 
Final, grams per kg. of dry solids....... ' 4.28 | 4.02 | 3.91 3.51 3.48 | 3.93 
&%, of initial organic N lost *............. | 68.4 | 49.7 | 45.7 | 48.6 48.7 | 39.5 
Ammonia Nitrogen | 
Final, grams per kg. of dry solids. .......| 0.0374 | 0.0189 | 0.0171 | 0.0167 | 0.0165 | era 
Ghange as! 92 (Or initials. cs ol anst.ann ad —98.3 | —98.6 | —98.7 | —98.7 | —98.7 | +54.3 
Total Nitrogen Recovered in Supernatant — | | 
Water, % of initial total N............} 60.0 39.1 31.1 21.4 21.1 | (23:0 
Total Nitrogen Unaccounted for, © of ini- | | 
na ae ha sce | 131] 17.7] °224| 343] 33.0| 30 
Total Nitrogen Remaining in Deposit, | 
© of initial total N................0- | 269| 43.2] 465] 44.3] 45.9] 74.0 
B. Decomposition of River Mud at Different Temperatures 
Organic nitrogen at start: 10.11 grams per kg. of dry solids. 
Ammonia nitrogen at start: 0.089 gram per kg. of dry solids. 
Benthal Decomposition Anaerobic Decomposition 
for 145 Days for 201 Days 
Temperature, °C....0..00. cece cece cence. 10.0 |17.5 |25.0 |100 {17.5 | 25.0 
Initial IDE pths CMs... 3.5 icc es lowe ea oa wae one 10.0 10.0 10.0 12.9 13.0 | 11.3 
Volatile Matter 
initial, Kes per SQe Mis... . 60.0 oe acewbes. 4.65 | 4.56 | 4.98 6.02 5.97 | 5.64 
Organie Nitrogen r | 
Vinal, grams per kg. of dry solids........ 8:20" | (7:74 7.58 7.38 7.29 (41 
°¢ of initial organic N lost *............. 16.5 | 23.1 25:2 26.3 | 27.3 26.3 
Ammonia Nitrogen | | | | 
Final, grams per kg. of dry solids........| 0.139} 0.162} 0.204 0.406] 0.498 | 0.613 
Change-as 9, ‘of initial’ .55 ses knsxccaieanes +69 | +80 | +125 | +350 | +450 | +570 
Total Nitrogen Recovered in Supernatant | 
Water, % of initial total N............| 0.77 | 2.84 | 1.92 
Total Nitrogen Unaecounted for, | 
OV AMMIAN TOLAIOIN ie se 4 aco 6 ac40:9,6 8-8 Sie } 15.1 | 20.0 | 22.1 23.1 23.2 211 
Total Nitrogen Remaining in Deposit, | 
\736 | 729 | 732 | 738 


OO ME OURO S tha einen eas 80.8 | 74.3 


* With due regard to reduction indry solids during decomposition and samples removed during 
course of test. 


ganie nitrogen lost from the deposits during 450 days of benthal de- 
composition ranged from 68.4 per cent in the 10.2-em. sample to 45.7 per 
cent in the 2.55-em. sample. This difference is probably associated with 
the more active fermentation and gas ebullition of the deeper sample. 
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The observed loss of organie nitrogen was relatively greater from the 
sludge than from the mud in which decomposition was less active. The 
dissolution of organie nitrogen was greater during benthal deeomposi- 
tion of the sewage sludge than during its anaerobie decomposition, and 
this excess is accounted for, in the most part, by the ammonia recovered 
from the effluent. Digestion and consolidation of the anerobie sludge 
deposit left a clear supernatant liquid that contained 23 per cent of the 
initial total nitrogen in the sample. The river mud had already been 
consolidated in nature, and no supernatant laver was observed in it. 

The changes in the ammonia content of the deposits range from a 
loss of almost 100 per cent in the benthally decomposing sewage sludge 
to a gain of 570 per cent in the anaerobically decomposing river mud 
incubated at 25° CC. This difference again appears to be attributable 
chiefly to differences in physical environment, relative aetivity of fer- 
mentation, and variation in initial concentrations of ammonia in the 
two deposits Investigated. As previously mentioned, nitrogen was re- 
leased to the supernatant water in the form of ammonia from the sewage 
sludge and as ammonia, nitrite, and nitrate from the river mud. The 
amounts recovered vary from 60 per cent in the deepest benthal samples 
of sludge to 0.8 per cent in the benthal sample of mud held at 10° C. 
This variation reflects (1) differences in the degree of disturbance of 
the samples due to gas ebullition, and (2) lack of sensitivity in the ana- 
Ivtieal procedures available for the detection of small amounts of all 
forms of nitrogen except nitrite. In the smaller, shallower samples of 
sewage sludge as well as the less active, colder samples of river mud, 
part of the nitrogen was probably not sufficiently concentrated to be de- 
tected, and a smaller percentage of recovery had to be reported for 
these samples. An additional reason for the disparity in the nitrogen 
balance is, quite possibly, the denitrification of nitrites and nitrates with 
the eseape, in the flowing water, of elemental nitrogen, or perhaps nitro- 
gen oxides, as gas or in solution. Even in the anaerobie samples, it is 
conceivable that, during the long period required for decomposition, a 
certain amount of oxygen reached the sample through the seal of salt 
solution in the gas collector and produced nitrification which was fol- 
lowed by denitrification with release of nitrogen from the system. The 
presence of nitrogen in the gas evolved from the deposits was, in fact, 
recorded by analyses. It seems quite probable, therefore, that the con- 
ditions in partially stabilized river muds, unlike those obtaining in ordi- 
nary sludge digestion, may permit some denitrification with the forma- 
tion and eseape of elemental nitrogen. This is a matter of considerable 
interest in connection with the natural purification and fertility of re- 
ceiving waters in relation to plankton growths. Further evidence on 
this point is needed, however, before definite conclusions can be drawn. 
The proportions of total nitrogen remaining in the samples at the 
conclusion of the experiments range from 14 to % for the benthally de- 
composing sewage sludge to about °4 for the anerobie sludge and the 
benthal or anaerobic river mud. The variations may be ascribed to (1) 
differences in physical environment, including density of deposit and 
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admixture of inert materials; (2) differences in the disturbance caused 
by anaerobie activity in the deposit; and (3) differences in the length of 
time for which the deposits were under observation. 

Behavior of Tron im River Deposits —The iron content of stream 
waters is of interest because of their potential utility in municipal or 
industrial water supply. It is of importance, therefore, to determine 
whether the tron contained in river muds is bound up in the deposits for 
all time, or whether it ean be released on occasion to augment the iron 
content of the flowing water. The experiments described in this series 
of papers furnish at least a partial answer to this question. Before 
citing the experimental evidence, however, let us consider the general 
behavior of iron in stream waters and river muds. 

Combined iron may exist in the divalent, or ferrous, and the tri- 
valent, or ferric, state. Any ferrous iron present in oxygenated water 
is oxidized to ferrie iron at a rate depending mainly on the hydrogen- 
ion concentration and temperature of the water. The time necessary 
for complete oxidation will range from an hour or so to several days. 
Moreover, the solubilities of both forms of iron in natural waters are 
controlled by the solubility-product equilibria of their hydrates, which 
are, in turn, controlled by the hydrogen-ion concentrations of the waters. 
At a given pH value, therefore, no more than a certain definite amount 
of iron ean be taken into, or retained in solution, and this amount is 
vreater for ferrous than for ferric iron. Table XII gives the solubili- 
ties of ferrous and ferric iron in waters of various pH values. 

TaBLe XII.—Effect of the Hydrogen-ion Concentration of Water on the 
Solubilities of Ferrous and Ferric Iron 





Solubility of Iron, in p.p.m. as Fe 





pH Value Ferrous Tron Ferric Iron 
4.0 9.18 X 101° 6319-10 
5.0 9.18 X 108 6.15 XK 107 
6.0 9.18 & 108 
7.0 9.18 & 104 
8.0 9.18 X 10? 
9.0 9.18 


10.0 9.18 XK 10 





Brief inspection of this table will show that very little ferric iron 
can be dissolved in natural surface waters. Since dissolved ferrous 
iron is slowly oxidized, the bulk of the iron content of surface waters 
must be in the form of colloidal ferric hydrate. This colloid may be 
partially stabilized by organic substances such as the tannins. In any 
event, iron cannot be taken into true solution from a river deposit if it 
exists there in the ferric form. 

There are two possible ways in which iron can be taken up by water 
flowing over a decomposing river mud: 

1. Tron is reduced to the ferrous state in that portion of the deposit 
that is undergoing anaerobic decomposition. This ferrous iron will 















772 SEWAGE WORKS JOURNAL July, 1941 


diffuse through the mud or be displaced by consolidation of the deposit, 
and will eventually reach the aerobic zone. Upward transport may be 
further promoted by seepage of ground water into the stream through 
the river bed during periods of low water. The relative rates of dis- 
placement, upward diffusion, or transportation, will determine what will 
happen in this zone. Some of the ferrous iron will be oxidized and held 
as finely divided ferric oxide a short distance below the surface of the 
mud. This effect is readily observed in samples of sludge or mud stored 
under water in glass containers. Another portion of the ferrous iron 
may diffuse out into the river and will then be oxidized to colloidal ferric 
oxide as it moves downstream. 

2. The gases of decomposition accumulate in sufficient amount to 
break through the deposit, disrupting the surface and carrying into the 
stream the finely divided ferric oxide previously formed in the surface 
lavers. Passage of ferrous iron into the flowing water is also acceler- 
ated by this stirring action of the gases. 

3. If appreciable quantities of hydrogen sulphide are produced in 
the anaerobie zone, the mechanism of iron transfer is modified by the 
formation of insoluble ferrous sulphide. This substance is transported 
into the aerobic zone by gas action and is there converted to ferric oxide. 
The principles involved remain essentially the same as those previously 
described. A factor of some importance in fixing the rate of transfer 
of iron from the mud is the iron content of the flowing water itself. 
This may change considerably from season to season. At times, the 
concentration of iron in the water may be sufficient to cause precipita- 
tion of iron upon the surface of the deposit. Ordinarily, however, the 
iron content of the mud—particularly if the sediment is composed of 
partially stabilized compounds or minerals containing relatively large 
amounts of iron—is sufficiently high to make the rate of iron transfer to 
the flowing water proceed uniformly regardless of the concentration of 
iron in it. 


Results of Tron Determimations.—The changes in quantity and con- 
dition of iron in the benthal deposits studied by the authors, together 
with the changes occurring in the corresponding anaerobic samples, are 
summarized in Table XIII. For purposes of comparison, the changes 
are expressed as percentages. 

Inspection of Table XIII leads to the following conclusions : 


1. Benthal decomposition involves an appreciable loss of iron from 
bottom deposits. The amount of iron remaining in the sewage sludge 
at the conclusion of the experiment ranged from 69 per cent in the deep- 
est, most active, sample to 79 per cent in the shallowest sample; in the 
river mud the range was from 82 per cent in the sample incubated at 
25° C. to 89 per cent in that held at 17.5° CC. On this basis, the percent- 
aves of the total iron transferred to the flowing water ranged from 21 to 
31 per cent for the sewage sludge, and from 11 to 18 per cent for the 
river deposit. Since the initial concentration of iron per unit weight of 
dry solids was considerably greater in the river deposit than in the 
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l 
TasLe XIII.—Changes in the Iron Content of Benthal and Anaerobic Sludge and River Deposits 
: A. Decomposition of Varying Depths of Sewage Sludge at 20 to 25° C. 
Total iron (Fe) at start: 6.97 grams per kg. of dry solids. 
! Ferrous iron (Fe) at start: 1.22 grams per kg. of dry solids = 17.5% of total iron. 
An- 
aerobic 
3enthal Decomposition for Decom- 
150 Days position 
for 495 
Days 
| 2 Fo ee |e ee ee ee 2 as 
PICA DDENIR CMs dick ciaenwuwahetenwe das 10.2 | 4.75 2.55 1.42 1.42 11.3 
Volatile Matter | 
TanaGiel RE POP SOS Wise seid Soe ave eae 3.77 1.38 | 0.513 | 0.188; 0.188 2.69 
Total Iron (Fe) 
inal, grams per kg. of dry solids........| 10.9 | 742 | 6.93 | 6.69 6.70 7.18 
Ferrous Iron (Fe) | 
Final, grams per kg. of dry solids........) 0.98 0.75 0.59 0.25 0.34 1.49 
CA OT ed ATOM «cols cos Gastonia ap) wirw ae 8.5 10.1 8.5 ne Ban 20.7 
Total Iron Remaining in Deposit, [¢ of 
PRITOHAE. oc oes usttastesl ee Sineergahtlestl SOTO Chel 80.0 77.8 79.0 100.0 


B. Decomposition of River Mud at Different Temperatures 
Total iron (Fe) at start: 48.2 grams per kg. of dry solids. 
Ferrous iron (Fe) at start: 7.3 grams per kg. of dry solids = 15°% of total iron. 


| 


Benthal Decomposition Anaerobic Decomposition 
for 145 Days for 201 Days 
MENIDETAUNTOS (Oras hic saaracdiimends wdeaann | 10.0 17.5 25.0 10.0 | 17.5 25.0 
EGE EY vt 0) 2 OS 1 a re | 10.0 10.0 10.0 12.9 | 13.0 11.3 
Volatile Matter | 
Initial; ke; persqe Me... .60 scenes esos | 4.67 | 4.56 1.98 6.02} 5.97) 5.64 
Total Iron (Fe) | | | 
Final, grams per kg. of dry solids. .......| 39.6 13.0 39.5 18.2 | 48.2 18.2 
Ferrous Iron (Fe) | 
Final, grams per kg. of dry solids........) 5.5 5.6 yf 63) '|. (5x7 Det 
rere | 13.9 | 13.0 | 14.4 13.1 | 118 | 1L8 
Total Iron Remaining in Deposit, ©¢ of 
“LET het (Rg ie a as Sag <a 84.2 | 89.4 rat eed 100.0 | 100.0 100.0 


* With due regard to reduction in dry solids during decomposition and samples removed during 
course of test. 


sewage sludee, the actual amount of iron transferred to the flowing 
water per unit weight of river mud was more than twice that for the 
sewage sludge. The greater proportion of total iron content given up 
hy the sewage sludge, as compared with the river mud, is explained 
(a) by greater disturbance of the sludge due to anaerobic activity, 
()) by looser structure and lower specific gravity of the sludge, and 
(c) by the longer time allowed for the decomposition of the sludge. 
This is confirmed in part by comparison of the behavior of the deeper 
and the shallower sludge samples; the former, being stirred to a greater 
extent by gasification, gave up a higher proportion of their iron. The 
reader may find it confusing to learn from Table XIIL4 that the con- 
centration of iron per unit weight of dry solids actually increased in 
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some of the experiments, despite the loss of iron; but this is readily 
explained by the fact that solids other than iron were lost in greater 
amount. 

As is to be expected, no changes in the total iron content of the 
anaerobic samples were observed. 

2. The relative amount of total iron present in the ferrous state in 
the sewage sludge decreased markedly during the course of benthal 
decomposition, Whereas that in the river mud decreased only slightly. 
Two opposing factors govern the ferrous iron content of the deposits: 
(1) the rate of formation of ferrous iron by reduction in the anaerobic 
zone, and (2) the rate at which this ferrous iron is lost by diffusion and 
other forms of transport. It must be inferred, therefore, that, despite 
the high degree of anaerobic activity in the sewage sludge, ferrous iron 
was lost from it more rapidly than it was replaced. On the other hand, 
the river mud produced ferrous iron at a rate more nearly equal to 
that at which it was lost from the deposit. The shallower samples of 
sewage sludge generally lost a higher proportion of their ferrous iron 
content than the deeper ones; in the shallower samples the anaerobic 
zone was small, and ferrous iron production was consequently limited, 
without a corresponding limitation in the rate at which it was lost. In 
the very deepest sample, however, this trend was reversed, probably 
because of the violence of stirring by gaseous ebullition, which ocea- 
sioned a rate of ferrous iron loss more than sufficient to counterbalance 
the high rate of production. 

In the anaerobic samples, one would expect that, so long as condi- 
tions remained truly anaerobic, the proportion of ferrous iron would 
tend to increase. Anaerobic decomposition of the sewage sludge does, 
in fact, give rise to such behavior. Anaerobic decomposition of the 
river deposit, however, reverses the expected trend, showing greater de- 
creases in percentage of ferrous iron than those observed in benthal de- 
composition of the same material. It must be admitted that this is a 
strong indication that gas production from the samples of river mud 
was not sufficient to maintain truly anaerobic conditions at all times 
against the diffusion of gaseous oxygen through connections of rubber 
tubing and through the confining liquid in the gas collector. This eon- 
elusion is in line with that reached regarding the loss of nitrogen in 
gaseous form from these samples. 

Whether the ferrous iron that was lost used up dissolved oxygen by 
being oxidized before leaving the experimental container could not be 
definitely determined. This would depend considerably on the deten- 
tion period of the container used; it is probable that in the experiments 
on sewage sludge a considerable proportion of the oxidation of the 
ferrous iron did take place before the water left the container, and so 
was included in the over-all oxygen balance measured in the samples. 
On the other hand, there is evidence that, in the experiments on river 
mud, at least at the lower temperatures, a good part of the ferrous iron 
Was not so oxidized. 

It should be noted in passing that published analytical methods for 
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the determination of small quantities of ferrous iron proved unsatis- 
factory for muds and sludges. It was therefore necessary to devise a 
suitable method, which is described in the appendix to Part V. 
Changes in Fuel Values.—The purpose of determining the fuel val 
ues of the sludge and mud undergoing decomposition was to estimate 






































TapLe XIV.— Changes in Fuel Value of Benthal and Anaerobic Sludge and River Deposits 
A. Decomposition of Varying Depths of Sewage Sludge at 20 to 25° C. 


Fuel value at start: 1,420 B.t.u. per Ib. of dry solids, or 
10,200 B.t.u. per Ib. of volatile solids. 





An- 
aerobic 
Benthal Decomposition for Decom- 
150 Days position 
for 495 
Days 
Mean Depth, em....... 10.2 1.75 | 255 | 142 | 1.42 | 11.8 
Volatile Matter | 
Tnitial, kg. per sq. m. 3.77 1.38 0.513 | O.1S8SS | 0.188 | 2.69 
Fuel Value | | 
Final, B.t.u. per Ib. of dry solids 1,140 | 935 | 915 925 | 904 | 930 
Final, B.t.u. per Ib. of volatile solids......| 9,850 | 10,400 | 10,300 | 10,500 | 10,100 | 10,800 
Loss, “¢ of initial fuel value of sample *...| 62.0 | 48.6 | 43.7 40.3 40.5 36.5 
B:O.D: Loss, % of mitial BiOvD:...... fe. 800 | 82.1 | 83.3 93.6 | 92.2 43.3 
Grams Oy» per kg. of volatile solids.......) 665 | 682 693 | 778 | 766 360 
Ratio of ©; Fuel Value | | | 
LOSS 10 0 OD s LORS s 6.5 se Na lee ewes 0.776 0.593 | 0.526 0.480 | 0.4388 0.843 
Ratio of Fuel Value 
Loss to B.O.D. Loss, calories per gram of | 
OXyeen GemMaAnd 1OSb es 86 cose seek | 5,800 | 8,710] 6,450] 5,020} 5,180] 5,820 


B. Decomposition of River Mud at Different Temperatures 
Fuel value at start: 1,950 B.t.u. per lb. of dry solids, or 
8,080 B.t.u. per Ib. of volatile solids. 





Benthal Decomposition Anaerobic Decomposition 
for 145 Days for 201 Days 
Temperature, °C... = fipked germs fy On| Sea D 25.0 10.0 175° |: 250 
Initial Depth, em..... . ca 10.0 10.0 10.0 12.9 13.0 is 
Volatile Matter | | 
Initial, kg. per sq. m.. 1.67 | 4.56 1.98 6.02 5.97 5.64 
Fuel Value 
Final, B.t.u. per Ib. of dry solids... . 1;950 | 15985 1,920 1,920 | 1,920 | 1,920 
Final, B.t.u. per Ib. of volatile solids......| 8,200 | 8,230 | 8,540 | 8,040 | 8,310 | 8,310 
Loss, ©¢ of initial fuel value of sample *.... .| 0.66 2.25 1.41 1.21 2.12 
B.O.D. Loss, % of initial B:O.D..........:.| 25.6 | 33.2 34.0 29.4 30.2 | 33.5 
Grams O, per kg. of volatile solids . . 19.7 | 29.3 33.8 22.6 26.6 33.3 
Ratio of “% Fuel Value | 
13088 to: 0%, BOND. TOSS: vissece sc ess 0.0199) 0.06638 0.0480) 0.0400) 0.0633 
Ratio of Fuel Value | 
Loss to B.O.D. Loss, calories per gram of 
oxygen demand lost................- 1,010 | 2,960 | 2,780 | 2,030 | 2,670 


* With due regard to reduction in dry solids during decomposition and samples removed during 
course of test. 
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the energy content of the substances decomposed. The precision of the 
fuel-value determination, unfortunately, is of a somewhat low order due 
to errors inherent in sampling, which are particularly large in benthal 
deposits that include large admixtures of non-combustible solids, and 
to the difficulty of controlling and correcting for the radiation of heat 
that takes place in the course of combustion of the sample. Only by 
repeated tests can the result be determined to three significant figures, 

Results of Fuel Value Determinations.—The results obtained are 
summarized in Table XIV. A significant reduction is noted in the fuel 
value per unit weight of dry solids in the course of both benthal and 
anaerobic decomposition. This reduction is more marked for the 
younger, less compacted samples of sewage sludge than for the rela- 
tively stable river muds. Computed on the basis of volatile solids 
present at the beginning and end of the experiments, the fuel values, 
with few exceptions, have a tendeney to increase. This indicates that 
the average fuel value of the volatile matter remaining in the deposits 
is somewhat higher than that of the volatile matter lost. It follows 
that decomposition may involve, at first, substances of relatively low 
fuel value, while substances of higher fuel value are not so readily 
attacked. 

The relationship between the fuel value loss and the loss of first- 
stage biochemical oxygen demand during decomposition furnishes some 
information as to the type of organic material decomposed. Expressed 
in terms of calories lost per gram of oxvgen demand lost (see Table 
XIV), it shows that the material attacked was of considerably higher 
average fuel value in the sewage sludge than in the river deposit. Fur- 
thermore, the average fuel value of the material attacked is about the 
same whether decomposition is benthal or anaerobic. Although specu- 
lation may not be carried too far, in view of uncertainties inherent in 
the experimentally determined magnitudes of B.O.D. and fuel values, 
it may be of interest to compare the data cited in Table XIV_ with 
values derived for certain organic compounds, assuming complete oxida- 
tion of these compounds (Table XV). 


Taste XV.—Fuel Value and Biochemical Oxygen Demand of Certain Organic Compounds 


Calories Biochemical Calories 

Compound Formula per Oxygen Demand, per Gram 

Gram Grams per Gram of B.O.D. 
Formic acid HCOOH 1,360 0.348 3,900 
Acetic acid. CH;,COOH 3,480 1.065 3,260 
Stearic acid.... CysH 3602 9,550 2.92 3,270 
Lactic acid. C3H,O; 3,620 1.068 3,380 
Sucrose. . C)2H201; 3,960 1.12 3,940 
Benzene. ... C Hi 10,000 3.08 3,240 


The values appear to cluster about 5,500 calories per gram of oxygen 
demand, and it may be reasoned from this that in sewage sludge the loss 
of fuel value exceeds that which can be accounted for by loss in oxygen- 
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demanding power, whereas in the river deposit the reverse is true. 
One might infer that complete oxidation was not realized for all sub- 
stances in the sewage sludge, while the river deposit contained mineral 
substances requiring oxygen but possessing no fuel value. 

The relationship of fuel value loss and loss of first-stage biochemical 
oxygen demand may also be expressed in terms of the ratio of the per- 
centages of each lost. In this form, it furnishes certain information as 
to the relative durability of the substances constituting the fuel value, 
and those constituting the B.O.D. It will be seen in Table XIV that the 
ratio of percentage fuel value loss to percentage oxygen demand loss is 
much greater for the sewage sludge than for the river deposit. This 
may mean that there exist residual materials, not substantially decom- 
posed by biochemical action within the time limits of these experiments, 
but possessing relatively high fuel values. These are probably analo- 
vous to the organic residues found in natural soils. It is evidently pos- 
sible for a deposit to become completely stabilized with respect to B.O.D. 
and still to possess a measurable content of organic matter. 


Summary oF Parts IV anp V 


The varying temperatures of spring, summer, fall and winter deter- 
mine the rate of activity of the biological agents of natural purification 
in river muds and pollutional sediments as well as in their overlying 
waters. The temperature of bottom deposits lags slightly behind that 
of the water and does not reach the same extremes of heat or cold. In 
deep lakes, thermal stratification may hold the temperature uniformly 
close to that of maximum water density and so suppress the effect of the 
seasons upon the deposits in deep bodies of water. 

As shown in Part IV of this discussion, the effect of temperature 
upon rate of decomposition may be evaluated in terms of a character- 
istic based upon the van’t Hoff-Arrhenius equation. For the river mud 
studied by the authors, this characteristic is shown to change the over- 
all rate of benthal oxidation by about 6.7 per cent compounded for each 
degree centigrade of shift in temperature. 

This value is of the same order of magnitude as that reported for the 
rate of biochemical oxygen demand of polluted water; but it is also close 
to the change in magnitude of the viseosity of interior fluids which de- 
termines the rate of transport of oxidizable substances to the surface 
zoue of benthal deposits. Under anaerobie conditions, the observed 
temperature rate-characteristie of the mud was higher (10.2 per cent) 
and approximately equal to that of digesting sewage sludge. From 
What has been said in ecsvnection with rates of benthal and anaerobie 
decomposition in Part III of this series of discussions, it would appear, 
therefore, that although the strictly aerobie stabilization of pollutional 
deposits is fundamentally more rapid, the anaerobic phase of benthal 
decomposition may actually complete its course in advance of the 
aerobic phase because the opportunity for aerobic stabilization is a 
function of the rate of vertical transport of oxidizable substance to the 
zoue of oxidation in close proximity to the sludge-water interface. 
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The quantities of soluble nitrogen products in water flowing over 
river muds and pollutional sediments are shown to be increased measur. 
ably and appear to be determined in magnitude and character by pliys- 
ical conditions of environment, relative activity of fermentation and 
variations in initial concentration and constitution of nitrogenous mat- 
ters in the deposits. Within the limits of the authors’ tests, from '; to 
4 of the total nitrogen was observed to remain in the deposits. Much 
of the nitrogen lost was recovered in the overlying water, but there is 
evidence of some denitrification with the formation and escape of ele- 
mental nitrogen from the system. 

A significant proportion of the iron content of river muds and pol- 
lutional sediments is lost during benthal decomposition. Possible 
mechanisms whereby this loss might take place are discussed in the body 
of the paper. The iron was found to exist in both the ferrous and fer- 
ric states in the deposits, and the ratio between the two forms decreased 
markedly during decomposition of the sewage sludge and remained ap- 
proximately constant in the river mud. In benthal decomposition, the 
dividing line between the aerobie and anaerobic regions in the deposits 
was clearly marked by the precipitation of red ferrie hydrate. The 
zone of precipitation was ' to 44 inch below the surface of the deposit. 
The observed loss of iron by the deposits shows that the iron content of 
the overlying water must increase and that water flowing over extensive 
deposits may receive material additions of iron. 

A significant loss of fuel value accompanied decomposition. The 
fuel value per unit weight of volatile solids, however, manifested a 
tendency to increase. Benthal decomposition, therefore, may involve 
in particular, or initially, substances of relatively low fuel value. 
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RIVER MUDS AND POLLUTIONAL SEDIMENTS 


APPENDIX TO Parr V 
Determination of Ferrous Llron in River Muds and Pollutional Sediments 

The reagents and procedure tor determining ferrous iron were as follows: 
Reagents: 

1. Hydrochlorie acid, approximately 3N.) One volume concentrated C.P. acid to 3 
volumes of distilled water. 
Potassium thiocyanate. Two g. dissolved to make 100 ml. of solution. 
Potassium permanganate, approximately N/5. Dissolve 6.3 @. in distilled water 
and make up to 1 liter. 


») 
» 
oo. 


Proce dure: 


Weigh to the nearest 0.01 g. a suitable sample (usually 1 or 2 g.) of the wet material. 
Add to this a mixture of 100 ml. distilled water and 10 ml. 3N hydrochloric acid. Filter 
through a rapid filter paper, repeating filtration until a reasonably clear filtrate is 
obtained. 

Take two equal aliquot portions of the filtrate, of such size as to contain 0.05 to 
0.15 mg. of iron, and place them in 50-ml. Nessler tubes. Add to each a sufficient amount 
of 3N hydroehlorie acid to bring the total acid concentration up to 1 ml. of 3N aeid. 
(Unless very large aliquot portions are taken, it will be sufficient merely to add 1 ml. 
of the acid to each sample.) Add to one of the tubes, one or two drops of potassium 
permanganate solution, adding more if the color does not persist for five minutes. 

Dilute both tubes to the mark with distilled water, and add 5 ml. of thiocyanate 
solution. Compare at once with temporary or permanent standards. The difference 
hetween the two readings is equal to the mg. of ferrous iron in the aliquot portion taken, 
















STREAM POLLUTION AND CONTROL * 


By Rosertr Spurr Weston 


Weston and Sampson, Consulting Engineers, 14 Beacon St., Boston, Mass. 


With the revival of industry and with the manufacture of munitions 
and defense equipment, increased pollution of streams may be expected 
to follow. This condition concerns sanitary engineers to whom stream 
pollution and control are matters to which serious and increasing con- 
sideration must be given. It therefore seems fitting to review the social 
and leeal circumstances in their connection. 

In the last few weeks, thousands of Pennsylvanians and other Ameri- 
cans have gone to rivers, lakes and ponds to fish. Some of these have 
come back dissatisfied, and, especially if their creels were empty, they 
have tried to explain why their catches have not been what they were in 
former years. Some of these recreationists have observed polluting 
discharges from factories and sewers and placed the blame thereon. 
Later on in the year, because of pollution, industrial and domestic, 
health authorities may be led to further restrict the areas where bathing 
is allowed and those from which shellfish may be gathered. 

It is a perfectly natural thing for those affected, especially if they 
be socially influential or politically powerful, to try to have restored 
by government action that of which they have been deprived. Laws, 
good and bad, are then passed. As you know, a law was passed by this 
Commonwealth three vears ago. 

The happenings in Rhode Island during the past thirty years are 
illustrative. Rhode Island, as you know, is our smallest and most 
densely populated state. Its population density in 1930 was 644 per 
square mile, or about three times that of Pennsylvania. Geographi- 
cally, it is a ring of cities and towns about Narragansett Bay into which 
about a dozen industrial streams tumble from mill pond to mill pond, 
furnishing process water and power as they go. 

The bay is a gathering ground for oysters. About twenty-five years 
ago this industry began to be affected, not only by pollution by factory 
wastes and sewage but by the discharge of fuel oil from tankers and 
other vessels. Then followed a law which was by no means drastic or 
sumptuary. It followed conferences among all parties concerned. 

Enforcement of the law began, and several cities and factories built 
treatment works. Then came the depression, and enforcement was 
necessarily relaxed. Recently, following better business and increasing 
demand for stricter enforcement, a committee, including interested 
parties and advised by a professor of sanitary engineering, has made a 
report, and it is likely that something more will be done. 

Rhode Island is a manufacturing state. The value of its manufac- 
tured products is about 500 million dollars per annum as compared with 
about 65 million dollars for farm products and less than 2 million dol- 


* Presented at the Fourteenth Annual Conference of the Pennsylvania Sewage Works 
Association, State College, June 27, 1940, 
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lars for fisheries. This means that the mills must be tactfully per- 
suaded to do their bit in the public interest; otherwise they will threaten 
to move, thus destroying the market for farm products and oysters. 

Many publie-spirited manufacturers have done much to reduce pol- 
lution, just as, with the cooperative leadership of Dr. Stevenson, Mr. 
Moses, Mr. Siebert, and the Sanitary Water Board, they have done in 
Pennsylvania. 

Pennsylvania has a more drastic law, the one passed three years ago, 
which, if strictly interpreted, means that if you should destroy algae 
by adding copper sulfate you would do something ‘‘inimical and in- 
jurious to aquatic life,’’ and are, therefore, creating a nuisance; or, if 
you should happen to kill a few perch or pickerel, you would be doing 
something ‘‘injurious to animal life,’’ and both aets would be culpable 
whether the Sanitary Water Board ‘‘shall so declare or not.’’ 

Laws or no laws, one ean’t go back to the conditions which the 
hunter and the trapper met and enjoyed; neither should one suffer 
from nuisance and waterborne disease. 

Because industry is reviving, the insistence upon action is becoming 
more urgent, not only by the recreationists and nature lovers but also 
by the sanitary authorities. Clean rivers are being classed more and 
more with beautiful public buildings and parks as goals for municipal 
striving. The problem is not easy since it involves the use of streams, 
on the one hand, and the avoidance of the abuse of them, on the other. 

Some years ago, the writer expressed his idea of the problem as 

follows—(1) ; 
Rivers attract population, and population demands disposal of sewage, as well as 
water supply. On some industrial rivers the prohibition of pollution would so hamper 
industry that manufacturers would be forced to go out of business or move away; con- 
sequently, many rivers must necessarily be used for manufacturing, drainage and water 
supply. Others may become unfit for water supply and be relegated to drainage and 
manufacturing uses only. Each stream, in other words, must be used for the best in- 
terests of all riparian owners and with due regard for the right and convenience of all. 

On handing down the opinion of the United States Supreme Court 
on the Delaware River Case (New Jersey v. New York), Mr. Justice 
Oliver Wendell Holmes stated that ‘‘a river is more than an amenity, 
itisatreasure. It offers necessities of life that must be rationed among 
those who have power over it.’’ 

It has been suggested that streams might be classified and relegated 
to specific uses, for example,— 


1. Those preserved in nearly their natural condition and reserved for 
water supply. 

». Those used for sewage disposal after treatment of the sewage, and 
for water supply after purification of the water. 

3. Those used for sewage disposal after such treatment of sewage and 
industrial waste as is necessary to prevent nuisance. 


Therefore, great need exists for care and judgment, for study by 
state and federal departments for the control of interstate drainage 
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areas (which is a better method than control by a federal commission), 
and for constructive programs not too burdensome for industry. Con- 
trol could, of course, be vested in a Federal Department, but it is he- 
lieved that control by agreements among the states or other interested 
parties is a better method. 

The United States National Resources Committee has well stated the 
situation as follows—(2) 
The essential approach to the problem of ridding stream waters of undesirable industrial 
wastes lies in the active cooperation of the industries involved, always assuming, how- 
ever, flexible and reasonably administered water pollution legislation. The problem can- 
not be settled by abstract studies on the part of government nor by inflexible and arbi- 
trary state or federal legislation. Waste materials are so diverse and so complex that 
each industry, and possibly each plant, presents a special problem. 

Instead of ‘‘industries involved,’’? one might well substitute ‘‘all 
parties involved.’’ 

PotLtution Loap 


While domestic sewage presents a serious disposal problem, that 
involved in the disposal of factory wastes is quite different because 
of their great demand upon the oxygen resources of the stream. 

Wisely and Klassen (3) showed that in the Peoria-Pekin metropoli- 
tan area of Illinois the combined human population contributing sewage 
is 130,000, whereas the industries contribute a pollution load equivalent 
to more than 1,000,000 people, largely in the form of distillery wastes. 

Calvert and Parks (4) compared the industrial wastes of Indian- 
apolis. Table I is taken from their figures. 


Tas LE I.—Population-Equivalents of Wastes 


Total Population- 


Waste Volume of Work Done Equivalent 
Laundry........ 2,800 lb. dirty clothing. ...... aoe 668 
Creamery.... ... 8,000 lb. butter made..... 5 ; 736 
IDR oc wie eaaows . 155,000 lb. raw milk received. . . . 11,782 
Canning..... . 309,700 lb. pork and beans... . .. 8,429 
PUIVER ss es ban ose Peel S a : .. 90,965 
Five meatpackers..... 20,280 equivalent hogs....... La ON I2O 
Paperboard... ... 102.1 tons produced..... Shes cians TS 
Garbage . : 72.9 tons green garbage... . s seer 


The ordinary oxygen demand (B.O.D.) of sewage from American 
residential communities with separate sewers will average less than 
150 parts per million, or 57 grams per capita, whereas the oxygen de- 
mand of the industrial waste in an American manufacturing city with 
separate sewers will usually exceed that of the sewage. The oxygen 
demand as well as the suspended residue and the oxygen consumed of 
certain wastes are given in Table II. 

Some factory wastes require special consideration. This has been 
given to many of these by the Pennsylvania Department of Health. 
Ligneous, resinous, greasy, nitrogenous, soapy, high in suspended mat- 
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STREAM POLLUTION AND CONTROL 


TABLE I].—Five-Day Oxygen Demand of Wastes 


Parts per Million 
Kind of Waste 


B.O.D. (5-day) Suspended Residue Oxygen Consumed 

Mixed caustic and peroxide kier 

EOD ie oa the ooo ouek eres | 1,241 1,685 2,842 
Wool scouring waste, Plant A..... 4,464 15,000 7,900 
Wool scouring waste, Plant C......| 216 700 230 
Tannery waste........... sheihes 5,000 5,150 2,000 
Paper sizing waste. ..... ee re 610 120 236 
Sulfite pulp liquor... .. ph emamiad 9,000 600 60,000 
Paper machine waste........ 70 1,160 250 
Slaughterhouse... . ats 600 3,600 356 
Creamery waste...... ee 1,200 — 500 





ter, acid, alkaline, or poisonous—each presents its own problem, and 
some present problems which are as yet unsolved. 

Many objectionable conditions are due to batch discharges, as from 
wool-washing bowls, bleachery kiers, or from dyehouse or tannery 
vats. In many eases these discharges would be innocuous if they 
were distributed throughout the twenty-four hours. 

Fish are sensitive to alkali and often succumb when exposed to the 
discharges of calcium hydroxide from tanneries, ammonia liquors, or 
laundry wastes. Species of fish vary greatly in their resistance to pol- 
lution. The introduction of silt into a non-silt-bearine stream is often 
disastrous to fish life. This discharge, however, is rarely prohibited 
by statute, for lawmakers evidently assume that what a Mississippi 
catfish ean stand a State-of-Maine trout ought to. Suspended matter, 
like paper fiber (5), is not only injurious to fish but may also affect 
oysters (6). 

SELF-PuRIFICATION 


Natural purification in streams is effected chiefly by bacterial oxida- 
tion; that is, the bacteria feed on the organic matter and oxygen in the 
water and produce an innocuous oxidized product. The effectiveness 
of the bacteria is dependent upon the amount of oxygen present in the 
hody of water at the point of discharge of sewage or waste, plus the 
amount that is added by dilution and reaeration. 

The amount of oxygen required is the ‘‘biochemical oxygen demand”’ 
(B.O.D.), and this is balaneed against the available asset of dissolved 
oxygen to give the ‘‘oxygen balance,’’—positive or negative. 

Irom the classic studies of Adeney (7) in Great Britain and Phelps 
(8) in this country, followed by those of Theriault (9), Frost (10), 
Streeter (11-12), Fair (124A) and others, the laws regarding oxygen 
demand, reaeration, and the oxygen balance (the main factors of self- 
purification in rivers and harbors) have been not only elucidated but 
mathematically expressed. 

The progressive changes in the biochemical oxygen demand of pol- 
luted stream waters are becoming well known. They are modified, how- 
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ever, by additional pollution, inflow or dilution, sedimentation and ab- 
sorption, channel scouring, and the presence of an ‘‘immediate’’ or 
‘‘enzymic’’ oxygen demand. They are modified by the characters of 
polluting discharges. 

Because self-purification is a combined biological, chemical, and 
physical process, it is evident that discharges of hot alkaline antiseptic 
wastes, like kier liquor, or those high in suspended matter, like wool- 
scouring waste, may delay self-purification, first, by inhibiting or de- 
stroying the growth of stream-purifyving bacteria, and second, by form- 
ing sludge banks and introducing resistant fats. This delay may last 
until the dilution of the waste is large. 

The significance of sludge beds was stressed by Rudolf (13) in the 
“ase of Connecticut v. Massachusetts (Connecticut River Case); their 
purification requirements have been estimated by several investigators, 
notably by the U. 8S. Public Health Service group, and their require- 
ments under aerobic conditions have been caleulated by the experi 
ments of Baity (14). 


Sranparps FoR PouLuTED Waters 


In establishing standards for waters polluted by industrial wastes, 
it is generally customary to use certain values, such as minimal dis- 
solved oxygen, freedom from accumulating sludge deposits, or limiting 
bacterial content, all dependent upon the uses of the stream. 

These standards range from those of freedom from nuisance to 
those of suitability for the supply of water purification plants. When 
industrial wastes are discharged, the physical and chemical loading is 
more important than the bacterial contents. In the case of domestic 
sewage, the opposite is usually the case. 

The oxygen demand of normal sewage from separate sewers in a resi- 
dential town is about 55 grams per capita, in large industrial cities as 
high as 150 grams per capita. This means that the discharge of sewage 
hy 1000 people would be equivalent to from 55 to 150 kg. (120 to 330 Ibs.) 
a day. 

In 24 hours a fair sized woolen mill will discharge about 70,000 gal- 
lons of waste having a B.O.D. of about 9000 parts per million. This is 
an oxygen demand of 2363 kg. (5200 Ibs.) daily or the equivalent of the 
sewage of an ordinary city having a population of 31,000 people. 

In some wastes the settleable solids are excessive and may amount to 
20 per cent of the volume of waste. Furthermore, the diluting power of 
streams receiving wastes with high amounts of inert settleable solids is 
less than that of streams receiving wastes with low amounts. The 
effect of sludge deposits on fish life is often disastrous, as Hubbs pointed 
out (15). 

Because few industrial wastes are of human origin, although some 
are of animal origin, and because some of the most troublesome ones 
are sterile when discharged, the chemical criteria are generally more 
important than the bacterial. However, studies by the United States 
Public Health Service have indicated that the limit of tolerance for 
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water purification plants employing chemical treatment and chlorina- 
tion is about 5,000 B. coli per milliliter. 

That analytical methods are not all-determining is well known. In 
studying the biology of stream pollution, Claasen (16) used schools of 
minnows for tests, but even these, valuable as they are, show the con- 
dition at the time of exposure only, Just as chemical tests show the con- 
dition at the time of sampling only. This constitutes an argument for 
integrated rather than for catch chemical samples for analysis. 

It naturally follows that a study of the plankton of a stream, which 
is a perfectly integrated index, is of great assistance in the study of 
pollution and self-purification. For example, the finding of the larvae 
of caddis flies is an index of tolerable condition, while the presence of 
blood worms (Chironomidae) or a fungus such as Leptomitus indicates 
the opposite. 

The amount of self-purification performed by the plants and ani- 
mals in a stream is not generally recognized, although these factors are 
substantial. Studies by the M. I. T. Sanitary Research Laboratory (17) 
of the Coweeset River receiving treated Brockton sewage showed that 
the river receiving the effluent lavs down a ‘‘pollution earpet’’ contain- 
ing an abnormal number of organisms, beginning with the lowest forms 
and ending with the highest; each group appears along with a definite 
food material. 

When the Coweeset River was discharging less than 5 m.g.d. and was 
receiving about 2 m.g.d. of sand bed effluent, the most important changes 
occurred in the first mile of flow. However, the return of this stream to 
its normal chemical condition was not so rapid as its return to its normal 
biological condition. Here, as in Kurope (18), where fish ponds are 
used for the treatment of sewage, the value of shallow storage in the 
course of the stream was shown. 

In many polluted streams the dissolved oxygen tends to decrease 
until the excessive growth of animal life which is favored by pollution 
ceases. The rate of this decrease is usually higher than the normal 
rate of reaeration of the stream by absorption from the atmosphere, by 
plant growth, or by both. 


CONCLUSION 


It will be realized that the problem is not only one of perecentage- 
purification of sewage or wastes, but of what the conditions require. 

The most important factors are what the stream can do and what is 
the load upon it. For satisfactory conditions the former must be higher 
than the latter, the degree of excess being dependent upon the usage of 
the stream. 

Each case is unique. Hach requires a study to determine the vol- 
umes and characters of sewage or waste. This study should be thor- 
oughly made. Frequently a study will show that part of the waste from 
certain industries may be discharged without treatment, with conse- 
quent reduction in cost of construction and operation. Frequently it is 
shown that recovery of by-products is worth while. For example, re- 
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search for the paper industry has resulted in saving much fiber; woo] 
grease is now being recovered profitably from wool-scouring waste ; and 
even sulfite pulp liquor is yielding valuable by-products (19). 

Recently, much of the work of German sewage works chemists and 
engineers has been in this direction, looking for products of military 
value or towards the Nahrungsfreiheit of Germany (20). 

After the facts and possibilities are known, then follows in logical 
order the treatment necessary to preserve the stream or other body of 
water for its most useful purpose, whether it be for sewage or waste 
disposal, angling, shellfish culture, recreation, or water supply. In 
every case the capacity of the receiving and diluting water is the most 
important factor. This method has been exemplified in the work of the 
Pennsylvania Sanitary Water Board, of which all are aware. 

In an address which was given less than two weeks ago in another 
beautiful college town, Mr. Justice Frankfurter emphasized two Ameri- 
can canons or principles which might be applied to the control of 
streams, namely, the statement in the Bill of Rights regarding ‘‘life, 
liberty and the pursuit of happiness,’’ and Lincoln’s statement regard- 
ing the ‘‘government of the people, by the people and for the people.” 

So, those using streams should consider not only the life of the fish 
and the happiness of the angler but also the life of the mill owner and 
the happiness of those who must use the waters for domestic supply. 
The liberty of one must not destroy the life or happiness of another. 

Likewise, following Lincoln, the control of the stream should be de- 
terminated by all those who have rights therein, and, having so deter- 
mined, they should exercise it for the best good of all. 
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THE OPERATOR’S CORNER 


Conducted by W. H. WISELY, Executive Secretary* 
Federation of Sewage Works Associations 
Box 18 + + Urbana, Illinois 











NO “FLASH IN THE PAN”... 


we hope, is the influx of excellent contributions which followed the 
distribution of the May issue of Spewack Works Journat, containing 
the initial appearance of ‘‘The Operator’s Corner.’’ We take this 
opportunity of expressing our sincere thanks for the acknowledgments 
which have been received, and trust that these will preface a steady 
flow of the practical, useful and interesting type of material that we 
aim to present. 

An endeavor such as this is dependent upon exchange of experience. 
We must contribute if we hope to receive. Call it a game of ‘‘Put and 
Take,’’ if you will, and if we all determine to be ‘‘Putters’’ it must fol- 
low that we shall be ‘‘Takers’’ as well! 

As a gentle reminder, you can participate by sending us interesting 
operation problems and your solutions, descriptions of ‘‘gadgets’’ that 
you have devised to simplify or assist in some routine operation, copies 
of annual reports, photographs illustrating situations of interest to 
plant operators and news items which might remove a wrinkle or two 
from a worried brow. It is understood, of course, that prepared arti- 
cles or papers are essential. 

Ralph Waldo Emerson wrote that ‘‘ Nothing great was ever achieved 
without enthusiasm,’’ which sentiment is endorsed by the Federation’s 
President, Charles A. Emerson and its other officers who are giving so 
unselfishly of their time and energy to achieve the aims and objectives 
of the organization. If we all add our small contributions to the activi- 
ties of the various Member Associations and to the parent Federation, 
surprising results can be achieved. 

Last, but not least, remember that 


IT’S NEW YORK IN OCTOBER! 


EXPERIENCES IN DIGESTION TANK SCUM CONTROL 


That some form of digestion tank scum problem exists in one-fourth 
of all sewage treatment works employing the process is believed to be 
a conservative estimate. Where the problem is encountered, the re- 
sulting interference with proper digester operation, the ever-present 

© Also Engineer-Manager, Urbana and Champaign Sanitary District. 
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hazard to structures and equipment, and the difficulty in eliminating or 


controlling the cause makes it a most vexing one to operation personnel, 

In reply to a number of inquiries addressed to operators of plants 
located throughout the continent, the Corner has received several in- 
teresting contributions to this compilation of experience in digester 
seum control. We are indebted to the following for their earnest 
cooperation: 


H. W. Bauer, Superintendent, Middletown, Connecticut 
Leland Bradney, Chemist, Sioux Falls, South Dakota 

R. W. Frazier, Superintendent, Oshkosh, Wisconsin 

J. K. Frei, Sanitary Engineer, Springfield, Missouri 

Kk. W. Groshans, Engineer, Baraboo, Wisconsin 

A. L. Hanenberg, Sanitary Engineer, Kitchener, Ontario 

W. H. Hatfield, Superintendent, Decatur, Illinois 

W. A. Hutchins, Superintendent, Freeport, Illinois 

Jacob Klein, Superintendent, Sheboygan, Wisconsin 

(. C. Larson, Chemist, Springfield (Illinois) Sanitary District 
H. A. Riedesel, Engineer, Rockford (Illinois) Sanitary District 
J. R. Turner, Superintendent, Mansfield, Ohio 

J.B. Wirt, Superintendent, San Leandro, California 


Most of the situations discussed here are extreme, and in some cases, 
due to unusual local conditions. Consequently, there can be no reflec- 
tion upon the various types of digestion tank equipment involved. 


Scum Conrrot is Fixep-Cover DIGESTERS 


Kitchener, Ontariv.—Matted hair from tanneries and meat packing 
plants and felt fibers from felt factories create such a dense scum 
blanket in the digesters of Kitchener’s Main Sewage Treatment Plant 
that structural damage has resulted to the mechanical scum breaker 
arms. The two digesters at this plant were converted to two-stage 
operation in 1939 and scum accumulations as great as 11 ft. thick have 
been experienced in the first stage. The material compacts in the gas 
domes and occasionally in the gas piping, thus interfering with gas 
collection as well as overloading the mechanism. 

The overload indicator on the digester mechanism is carefully 
watched and the scum is manually removed by dipping from the man- 
hole when the pointer approaches critical values. An average of 440 
cu. ft. per week during 1940 and almost 600 cu. ft. per week during the 
first three months of 1941 was removed in this manner. 

The compacted scum in the gas domes is periodically broken up and 
softened by water under pressure introduced at the gas dome inspection 
ports. This has been found to reduce the scum layer to some extent 
by settling a portion of the material into the sludge accumulation.  Oc- 
casionally it is also necessary to manually dip the scum from the gas 
domes and extreme caution is exercised due to the large amount of gas 
which is released. 

The scum taken from the digesters is hauled in industrial dump cars 
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to the low-lying river flats adjacent to the plant where dried sludge is 
also deposited. 

City Sanitary Engineer A. L. Hanenberg is of the opinion that this 
dificult problem can be eliminated by the installation of fine screens 
between the detritus and primary sedimentation tanks, thus assuring 
positive removal of the hair and fibrous material which predominates 
in the digester scum. An alternate method of relief may be possible 
through the provision of adequate preliminary treatment of the trouble- 
some wastes by the industries at which they originate. 

Sioux Falls, South Dakota.—A sewage containing 54 per cent pack- 
inghouse waste is responsible for an extreme scum control problem at 
Sioux Falls, despite the fact that the packinghouse wastes are passed 
through fine screens before discharge to the city sewers. Three heated 
digesters, each 85 ft. in diameter and 27 ft. deep, are equipped with 
sludge stirring and scum breaker equipment and are operated in single 
stage. 

During the summer of 1940, digester scum accumulated to such an 
extent that the breaker arms became ineffective and completely stalled. 
By November, the seum became so dense and heavy that the gas outlets 
of one tank became sealed and sufficient pressure developed to break 
loose and raise the roof a distance of about six inches. 

A schedule of daily recirculation of the sludge in each tank at a rate 
of 1500 g.p.m. for two hours daily brought immediate relief and brought 
the situation under control. The recirculation has also been found 
beneficial in increasing gas production and improving digestion. No 
attempt was made to remove the scum from the digesters. 

At this time, high-speed stirring equipment (turbo-mixers) are be- 
ing installed in all of the digesters and operation is being converted to 
two-stage, with two primary and one secondary unit. Chemist Leland 
Bradney does not anticipate continuation of the scum control problem 
when the current improvements are completed. 

Mansfield, Ohio.—Superintendent J. R. Turner has adopted a ‘‘non- 
interventionist’? policy in regard to digester scum control, which is 
undoubtedly proper in many cases where the problem is not severe. 
The fixed-cover digesters at Mansfield are equipped with removable 
heating coils and with ‘‘turbo-mixers’’ which are operated continuously. 

On only one oceasion since 1937, during a case of foaming, has any 
scum been removed from the digester, and that was only a small portion 
from immediately beneath the manhole opening. At this time there ap- 
peared to be about two feet of scum, composed principally of hair, in the 
unit. The bulk of the accumulation was left undisturbed without detri- 
mental effect. 

Springfield, Missouri.—The presence of large numbers of snail shells 
in the humus sloughed from the trickling filters is responsible for the 
attention required to control digester scum in this plant. Digestion 
facilities comprise two heated units operated in single stage, one of 
which is equipped with a fixed cover and mechanical sludge stirring 
and scum breaker arms and the other equipped with a floating cover. 
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The snail shells collect to such an extent that removal must be ef. 
fected about once every ninety days. The procedure of Superintendent 
John K. Frei is to plan to remove scum after sludge is withdrawn and 
draining off the scum through piping provided for the purpose as the 
digester level is raised by pumping thereto. It is usually necessary to 
use water under pressure to break up and dilute the material to obtain 
flow. 

The scum piping arrangement permits withdrawal to the sludge 
drying beds whence disposition is by hauling away for use as fill. 

Sheboygan, Wisconsin.—In December, 1940, one of the fixed-cover, 
primary digestion tanks ‘‘exploded’’ by bursting open at the edee of 
the double-slab conerete roof, causing about $10,000 damage. This 
serious occurrence has been attributed to an 8 to 10 ft. accumulation 
of scum, which prevented release of gas and caused a gradual increase 
of pressure until the unit weight of the roof was exceeded. 

The Sheboygan plant receives a considerable volume of tannery 
wastes which contain scraps of hide, hair and lime. Much of this passes 
the bar screens and is removed at the primary tanks with the sludge, 
whence it is pumped to the digesters. Although the first-stage digesters 
are equipped with mechanical mixers, the scum is so fibrous and dense 
that the mixers were not effective and the deep layer of scum resulted. 





’ 


at Sheboygan, Wisconsin, Caused by Excessive Scum 
Accumulation. 


Fic. 1—Digestion Tank ‘‘ Eruption’ 


No evidence of ignition of gas was noted following the ‘‘explosion,”’ 
it being fairly evident that pressures inside the tank became so great 
that the roof (not anchored to the walls) was lifted at one side, releasing 
eas and sludge under such pressure as to blow down much of the brick 
veneer insulating wall and to spew sludge for a distance of fifty feet. 
Inspection of the gas piping, meters, flame traps and pressure control 


devices revealed all of this equipment to be in normal condition. The 
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sludge transfer piping was known to be open thirty minutes prior to 
the accident and the tank is equipped with an emergency overflow for 
protection against damage due to stoppages in the transfer lines. The 
theory expressed above, concerning the effects of the scum blanket, is 
well substantiated by the facts at hand. 

Superintendent Jacob Klein suggests the following possible methods 
of prevention of similar damage in the future: 


1. Removal of the hair, hide scraps and other tannery waste constitu- 
ents responsible for the density of the digester scum, by means 
of fine screens or similar equipment. 

», Installation of ‘‘extra heavy duty’? scum stirring equipment, de- 
signed for the rigorous service demanded in this case. 

> Removal of the scum from the digesters before it accumulates to a 
dangerous extent. Two additional digestion units have just 
been completed, which extra capacity is expected to make pos- 
sible the dewatering and cleaning of each unit at regular inter- 
vals. 


Rockford, Illinois—District Engineer H. A. Riedesel reports an 
unusual method of expediting withdrawal of a dense scum blanket in 
the fixed-cover tanks at this plant. The tanks are not equipped with 
mechanical sludge or scum stirring devices. 





‘1G. 2.—Digester Scum Flushing Arrangement Used at Rockford, Tlinois. H. A. Riedesel, 
Superintendent. 


A tripod with a block at the vertex (Figure 2) was erected over the 
vas dome opening ofter the dome was removed. A rope was inserted 
through the pulley, having attached to one end a large number of 
to °4-in. link chains, aggreeating about 75 pounds in weight. These 
chains were ‘‘slushed”’ into the seum as it was forced to the withdrawal 
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pipe at the center of the tank by means of a hose stream and the heayy 
scum accumulation was thus successfully removed by gravity flow. 


Scum Conrrou at FLOATING-COVER DIGESTERS 


Springfield, Missouri.—Retfer to comments on this plant included 
under the discussion of fixed-cover units. 

Oshkosh, Wisconsin.—This plant includes two heated, floating-cover 
digestion tanks, operated in two-stage, with 20,000 cu. ft. of gas storage 
afforded in the secondary unit. A heavy scum blanket is encountered 
in the first-stage or primary digester, creating a problem, but no diffi- 
culty of this kind has been experienced in the secondary stage. 

The seum comprises the usual buoyant and digestion-resistant imate- 
rial removed from the sewage at the scum troughs of the primary sedi- 
mentation tanks, containing leaves, sticks, tin foil, hair, seeds, ete. 

Attempts to remove the scum blanket by means of water jets and 
by drainage to the sludge drying beds vielded unsatisfactory results. 
Jetting was found to wash away the organic matter adhering to the 
floating material, but most of the mass still floated. Efforts to drain 
off the scum were deemed unsuccessful due to the difficulty in obtaining 
flow, even when water jets and paddles were employed. 

The present method of removing scum is by manual dipping with 
specially designed implements (Fig. 5) which fit between the side of 
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Fic. 3.—Digester Scum Removal Implements Used at Oshkosh, Wisconsin. R. W. Frazier, 
Superintendent. 
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the cover and the tank wall. The dipper marked ‘‘A”’ is used for dry 
material and that labelled ‘‘6’’ when the scum is mushy. The material 
is hauled in wheelbarrows to a marshy area in the plant grounds and 
covered with lime and earth. Such manual removal is necessary at 
variable intervals. 

Superintendent R. W. Frazier indicates that an attempt will be 
made this summer to eliminate this problem by pumping the scum from 
the primary sedimentation tanks directly to compartments partitioned 
off in one of the sludge drying beds, thus relieving the digestion units 
of this load. The scum will be treated with lime or chlorine to preclude 
odors and will be removed to the dump after drying. 

irazier also offers the opinion that digester seum can be completely 
eliminated by the use of fine screens and screenings incineration facili- 
ties, although he points out that this practice may result in lower gas 
production due to the reduced charge of volatile solids to digesters. 

Springfield, Illinois.—Following laborious endeavors to keep his di- 
gestion tanks clear of scum in the first year or two of operation, Chemist 
C. C. Larson came to the conclusion that his problem was not so serious 
and that a ‘‘leave it alone’’ policy could be safely followed. Periodic 
observations of the accumulation beneath the floating covers here have 
shown that it remains fairly soft and varies in thickness from a negli- 
gible amount to a depth of 18 inches. 

This experience parallels that of Turner at Mansfield, Ohio, where 
the problem is also not a serious one. 

Baraboo, Wisconsin.—Superintendent K. W. Groshans has been sue- 
cessful in reducing digester scum accumulation to 12 to 15 in. in thick- 
ness by occasionally raising the digester temperature to 95° to 100° F. 
for about 48 hours. He has found that the solids content of the super- 
natant liquor is increased during the treatment but that the seum 
blanket is effectively controlled. 

Freeport, Illinois—With raw sewage chlorination being practiced 
during summer months only, Superintendent Will A. Hutchins has had 
opportunity to observe the effects of chlorine on digester scum accumu- 
lation. His experience, similar to that at many other plants, has been 
that the seum blanket is negligible during chlorination but that a 2 to 
3 ft. layer develops during the time that chlorine is not used. 

Hutchins reports further that the blanket was successfully reduced 
on two occasions by increasing the digestion temperature for a day or 
two, as practiced at Baraboo, Wisconsin, but that this procedure was 
not particularly effective the last time it was attempted. 
































Scum Controt on IMmuHorr TANKS 






Urbana-Champaign, Illinois.—A strong domestic sewage, hard pub- 
lic water supply and multitudes of trickling filter snail shells are be- 
lieved to be primarily responsible for gas vent scum accumulations 
ranging from 3 ft. in thickness in summer to 12 ft. deep during freezing 
weather. There is no definite proof of the influence of the hardness in 
the publie water supply (296 p.p.m.) but it appears logical that much 
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of the extraordinary amount of soap curd in the sewage would find its 
way into the scum layers. The return of ground screenings to the 
sewage flow may also tend to increase the seum accumulation; however, 
this is not borne out by plant operators who have had opportunity to 
observe conditions before this method of screenings disposition was 
practiced and who indicate that there was no visible evidence of an 
increase in seum after ground screenings were taken. 

In the late winter and early spring months, the scum aceumulation 
is of such depth and density that gas cannot escape from the vents. 
This results in ebullition of gas through the slot and belching up of large 
chunks of sludge into the sedimentation channels, greatly increasing the 
labor requirements in skimming. In non-freezing weather, past prac- 
tice had been to churn the scum in the gas vents with a heavy hose 
stream, which was effective in releasing the gas but caused appreciable 
disturbance in the sedimentation channels. Hosine of the vents re- 
quired about 10 to 20 man-hours per week of time by operation per- 
sonnel. Removal of the scum to the sludge drying beds resulted in 
improvement lasting only about two weeks and the difficulty in drying 
the material makes this practice undesirable. 

In August, 1940, observations of the effect of a fine spray of water 
(from the plant effluent system) showed somewhat promising possi- 
bilities. A pipe manifold fitted with spray nozzles spaced to fit the gas 
vents was first tried on one end of the vents of one tank and the effective- 
ness of these was immediately evident. The spray system was extended 
to all four tanks before the end of September. 


Fic. 4.—Imhoff Tank Gas Vent Sprays at Urbana-Champaign, Illinois. 


The arrangement of the spray system is shown in Fig. 4. The mani- 
fold pipes are 11% in. in diameter, which is reduced to °4 in. at each 
nozzle. Ordinary garden hose nozzles were found to be most adaptable 
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since they cost only 25 cents each, give any desired intensity of spray, 
ean be completely shut off and are not subject to clogging even though 
plant effluent is used as the water source. The piping layout is eco- 
yomical as four tanks are completely served by 250 ft. of 14-in. pipe 
and 79 ft. of *4-in. pipe. The cost of the pipe, fittings and nozzles was 
¢151.69 and the installation was accomplished by regular plant per- 


sonnel. 


Fig. 5.—Close-up View of Gas Vent Spray at Urbana-Champaign. 


Operation of the sprays from 30 to 90 minutes a day has been found 
sufficient to bring about satisfactory results. When the scum layer is 
more than 4 ft. thick, operation of the sprays for about 45 minutes in 
the morning and again in the evening is best because overlong operation 


at one time under such conditions causes some fine solids to rise through 
the slot. No attempt has been made to use the sprays in cold weather 
because of the ice which would result. 
Hight months experience with the sprays has led to the following 
conclusions : 
1. Release of gas is unquestionably expedited by the softening of the 
scum. Active gas ebullition is noted only 2 or 3 minutes after 
the sprays are turned on. 
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The scum accumulation is kept under control. Hach time the sprays 
are operated, part of the solids are deposited in the sludge com- 
partment where much remains. Seum layers 12 ft. thiek in 
March, 1941, when temperatures moderated sufficiently to permit 
use of the sprays, were reduced to 5 to 7 ft. by April. 

It is believed that most of the organic acids in the seum are washed 
out, thus reducing any tendency toward serious foaming. One 
or two instances of mild foaming were readily controlled by use 
of the sprays and it is certain that there would be no difficulty 
in confining foam to the vents should a bad case develop. 

The sprays do not drive down material such as sticks, hair, and other 
materials which are buoyant and almost non-digestible and such 
substances must still be directly removed from the vents by other 
methods. 


Tracy, California.—It is reported that gas vent sprays have been 
installed and found beneficial in this plant; however, details are not 
available at this time. 

Decatur, Illinois.—Numerous snail shells from the trickling filters 
collect beneath the gas collectors built in the Imhoff tank gas vents here, 


Fig. 6.—Gas Dome Scum Spray at Decatur, Hlinois, W. D. Hatfield, Superintendent. 


necessitating occasional manual removal and other attention. An un- 
usual nozzle, used successfully by Superintendent W. D. Hatfield to 
soften and reduce the accumulations at the gas collection domes is pic- 
tured in Figure 6. 


CONCLUSIONS 


The Corner takes the liberty of analyzing the material submitted 
and developing general conclusions therefrom. Although the control 
of digester scum is not difficult in many plants, it is evident that the 
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problem may have serious aspects and that cognizance of it is well 
justified by sewage works designers and operators. The following 
conclusions are offered : 


1, Consideration of the potential scum producing constituents of in- 
dustrial wastes prior to design of treatment facilities is un- 
doubtedly warranted. Where such investigation indicates 
that a problem is likely to result, the following suggestions 
are listed for the guidance of the designer: 

Requirement of preliminary treatment facilities by the in- 
dustries producing wastes anticipated to cause trouble. 
Inclusion of special preliminary treatment facilities in the 
sewage treatment works to remove and dispose of scum-form- 
ing constituents before digestion units are affected. Fine 
sereens with screenings incineration has been suggested as 
one method of accomplishing this. 

The provision of scum control equipment adapted to the type 
of problem expected, where complete preliminary removal of 
scum-forming constituents may not be feasible. It is evident 
that unusually powerful control devices would be necessary 
to handle some of the very heavy accumulations described 
above. 

The difficulty in forecasting digester scum accumulations in 
many situations where the sewage to be treated is of ordinary 
domestic character suggests that the development of a work- 
able, convenient, and flexible scum withdrawal piping: ar- 
rangement at digestion tanks, is Justified. 

2. If he wishes to avoid the damage and hazard experienced at She- 
boygan and other places, the operator must exercise the 
utmost vigilance if digester scum formation is likely to pre- 
vent release of gas or to clog overflow, transfer or gas piping. 
Periodic inspection of the blanket is desirable in every plant, 
with the frequency of observation dependent upon local con- 
ditions. When the accumulation is reasonably soft and not 
excessive in thickness, it appears unnecessary to resort to 
unusual operation procedures to effect control. When re- 
duction of the accumulation does appear to be necessary, the 
following operation measures have been found effective: 

. Prechlorination, which may be both preventive and remedial. 
. Recirculation of the digester contents. 
Temporary increase of digestion temperatures to about 95° F. 
for 48 hours. 
Use of water jets or sprays (best suited to control of Imhoff 
tank scum). 
Withdrawal or manual removal to sludge drying beds or 
dumps. Various methods of facilitating removal are de- 
seribed, 
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Anyone having additional comments on the above compilation of 
experience is cordially invited to contribute. A similar symposium oii 
‘Kaperiences in Odor Control’ is planned for the CONVENTION 
NUMBER (September issue) of the Journal, and contributions on this 
subject are also welcome. Contributions must be received before Au 


gust 1. 


INTERESTING EXTRACTS FROM 
OPERATION REPORTS 


Toledo Division of Sewage Disposal (1940) 


By A. H. Nines, Superintendent 


Sludge for Fertilizer—* Tol-e-Gro.’’—Although sewage sludge was 
first sold in 1934, it was sold in bulk with no preparation for the first two 
vears. It was first prepared in a crude way in the fall of 1985 and 
sacked in used burlap sacks—calcium chloride bags obtained from the 
Division of Streets. In 1936, better equipment for its preparation was 
obtained by trading sewage sludge to the City’s Welfare Farm at White 
house for a hammer mill they were no longer using. This was housed in 
a makeshift tarpaper shack. All this time attempts were made to get a 
W. P. A. project through for the construction of a modern sludge erind- 
ing plant and a warehouse to hold about 500 tons. This W. P. A. project 
was finally completed late in 1957 and the following year modern sludge 
erinding, conveying, elevating and storage equipment was installed for 
reducing the cost of preparation of sewage sludge for fertilizer. Atten- 
tion was then turned more actively to marketing, and at the Municipal 
Kixposition held in June, 1988, there was a contest for naming the new 
fertilizer. ‘*Tol-e-Gro’’ was the name picked from some thirty names 
which were submitted. In the fall of 1938 an automatic bag filling and 
weighing machine was contracted for on a rental basis. This machine 
fills printed, preclosed, multi-wall paper bags through a paper valve. 
The spring of 1989 was the first time an attractive looking package was 
used—one with an identifying name to build up good will. During the 
summer and fall of 1938 and the spring of 1939 a salesman was sent 
out to acquaint the department stores, the hardware dealers and grain 
elevators with Tol-e-Gro. Literature and sales helps were prepared 
for the dealers. To give an idea of how the sale of the branded mer- 
chandise, Tol-e-Gro, has increased the following table is shown ecompar- 
ing some of the larger dealers in Toledo and Detroit territory. 

It is to be noted that the 25 lb. package has been more popular in 
Detroit where the.demand originated with the Lazoen Feed and Grain 
Co. who had used that size package exclusively in 1939. 

In 1940, out of the 1,018.51 tons sold, 461.1 tons were in burlap bags 
which were returned for refilling. This tonnage went to fertilizer 
mixing plants where it is used as a base for regular standard balanced 
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Tons Sold 
Size Package 


Jealer’s Name 
Dealei imc (Pounds) 


1939 1940 
Tiedke Bros. : - ; ‘ ; fits SO 56 15 
Sears Roebuek & Co... ...... ante 80 10 i bv 
Lazoen Feed & Grain Co............... 80 57 92 
Lazoen Feed & Grain Co............... 25 23 32 
Michigan Hay & Feed................. 80 36 42 
Michigan Hay & Feed................. 25 3 


chemical fertilizers. The market price for this purpose is quite un- 
stable and paper bags are of no value in building up good will in this 
class of business. However, it looks very much as though it will just 
be a matter of time when all of the available sewage sludge ean be sold 
for retail trade in the Tol-e-Gro bags, which will be a very desirable 
condition. The following table shows the cost of processing per ton 
when packed in the type of package indicated. 


Old Equipment New Equipment ! New Equipment 2 
Cost per Ton Cost per Ton Cost per Ton 
(1936) (1940) (1940) 
Labor $2.18 $1.02 $0.58 
sags : Soh er 825 204 L215 
Bag Ties. . , 04 044 
Electric Power . . boy, 41 055 0.0665 
Supplies and Repairs Ssaerstace 18 0510 0.0510 


0.1525 


Rental of Packer 


Total Cost $3.63 $1.37 $2.0600 
' Bags filled by operator. 
* Bags filled by packer. 
* Including bags from Street Dept. 
‘Cost of unusable burlap bags returned from fertilizer mfg. 
Printed multi-wall paper bag cost. 


The net profit on sales of fertilizer for the years 1987-1940 is shown 
in the table below. 


1937 1938 1939 1940 
Tons of fertilizer sold ee re : 957.66 600.22 1,265.15 1,018.51 
Total selling price ; $8,424.72 $6,186.25 | $10,536.37 | $8,656.58 
Processing or mfg. cost : 3,476.33 1,266.46 | 2,617.86 1,780.50 
Processing or mfg. profit Se aes 1,948.39 1,919.79 | 7,918.51 6,876.08 
Less advertising expense. .............. 150.83 172.21 268.65 198.35 
Less sales promotion and sales expense. . . — 866.53 187.50 | 


Net profit except general overhead and 
ARCO ETERS PG Sic otk occ e $4,797.56 $3,881.05 $ 7,162.36 $6,677.73 
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Summary of Operation Data 


Item 1940 Average 
Sewage flow treated 31.30 m.g.d. 
Sereenings and scum removed 164. cu. yds. per month 
Crit removed. . . 83 cu. yds. per mont! 


Digested sludge (yearly totals) : 


Removed to marsh. . . a 40,905 — eu. yds. 

Removed to drying beds 12,729 cu. yds. 

Dried sludge from beds. . . . 2,133 cu. yds. 

Dried sludge pulverized for fertilizer 949.20 tons 

Pulverized sludge sold as fertilizer 1,018.51 tons 
Chlorination: 

Total days applied during year aude 44 

Chlorine applied 3,059 Ibs. per day 

Suspended solids: 

Raw sewage ane 201 —p.p.m. 
Plant effluent (sedimentation only) 74° p.p.m. 
Removal (sedimentation only). . . 62.8% 

Setteable solids removal (sedimentation only ) 92.1% 

5-day B.O.D.: 

Raw sewage 211) p.p.m. 
Plant effluent : 119° p.p.m. 
Removal (sedimentation only oe 43.1% 

(jas production: ..... 8,377,900 — e.f. per month 
Used for heating buildings . 606,900 — ¢.f. per month 
Used for heating digesters . 631,500 — ¢.f. per month 
Used for power to pump sewage . 2,317,500 ef. per month 
Used for electric power generation 1,674,400 — ¢.f. per month 
Wasted.... ; 3,116,200 —¢.f. per month 

Operation costs (per m.g. treated): 

Power..... $0.01 
Supplies ; $0.92 
Supervision and labor $4.69 
Total : $5.62 


Note: Attention is directed to the figures pertaining to the disposi- 
tion of digested sludge. Since the sludge drawn to the drying 
beds is the source of Tol-e-Gro, it is indicated that, during 
1940, approximately 24 per cent of the total sludge output 
was marketed as fertilizer. 


Butler, Pennsylvania (January 1 to November 30, 1940) 
By T. R. Hasevtine, Former Superintendent 


Triturator Experience.—The operation of the triturator was a new 
experience for all of us. The arrangement of the sereen and grinder 
did not lend itself to easy measurement of the amount of screenings to 
be ground, so we governed our rate of feed by the sound of the tritu- 
rator. In other words, we fed it just as fast as we could without causing 
it to slow down. After several weeks of operation, we began to ex- 
perience trouble drawing sludge from the primary clarifiers and occa- 
sionally a sludge pump would become clogged with long, masticated 
strings of rags. Our first step to correct this trouble was to place the 
old 1-ineh bar screen under the triturator discharge, but above the sew- 
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age level. We found that almost 10 per cent of the triturator discharge 
could not be foreed through this screen even when a hose stream was 
played upon it. At the manufacturer’s suggestion we checked the rate 
of input to the shredder and found that we had been feeding it at about 
60 cu. ft. per hour although the machine was only rated at 20 cu. ft. per 
hour. Since then we have been feeding the triturator at the rate of 
about 12 to 15 cu. ft. per hour and have practically eliminated all the 
trouble. Weshall keep the 1-inch screen under the triturator discharge, 
however, Just as a precautionary measure. It catches about 1 per cent, 
or less, of the material passing through it. 

The triturator teeth were replaced, and the old ones resharpened, 
on September 15th, after about ten months of service. 

Chlorine Treatment of Filter Ponding.—On February 13 we noticed 
some ponding on the west filter. Microscopical examinations of the 
erowths in the filters showed them to consist mostly of filamentous 
organisms with some zoogloea and a very few protozoa. At first we 
thought that ponding was caused by excessive loading of the west filter 
during the times the east filter was being by-passed. But since there 
was no Improvement by February 25 we by-passed both filters until 
March 12. When we started up again, we chlorinated the settled sew- 
age using about 400 Ib. per day and maintaining a residual of 2 p.p.m. 
or more. After four days we were getting a chlorine residual of 1 to 
1.5) p.p.m. in the filter effluent, so, discontinued chlorination. However, 
there was still some ponding on the west filter. By April 9 there were 
slight indications of ponding on the east filter. Condition of both filters 
remained about the same until April 25. In the meantime the final 
clarifier had finally been put in service on March 26 but the recireulation 
of from 0.5 to 1.0 m.e.d. of final effluent had not reduced ponding. 

On April 25 we by-passed most of the settled sewage, chlorinated 
the final tank very heavily (300 to 400 Ib. per day), and recirculated the 
final effluent first onto one filter for a day, and then to the other on the 
following day. This was continued through May 4 without inducing 
unloading. The filters were rested on the fifth. From 8 A.M. to5 P.M. 
on the 6th, chlorinated effluent plus some sewage was pumped to the 
west filter. A man stationed there held the distributor arms in one 
place for about 42 hour (20,000 to 25,000 gal.) then rotated them 10 ft. 
and repeated. This treatment produced very heavy unloading. It 
was applied to the east filter on the 6th, and to the west one again on 
the 7th and 8th. The filters were then put into normal operation on 
reduced flow, at noon of the 7th. Since May 11 they have treated practi- 
cally all of the sewage flow and there has been no recurrence of ponding. 
llowever, there has been a noticeable increase in filamentous growths 
during November. Psychodidae flies made their first appearance in 





May at about the time the filters started to unload. Throughout the 
summer they were very plentiful. We noted a marked decrease in 
their numbers early in November at about the same time we noted an 
increase in filamentous growths. The writer does not know whether 
the psychodidae larvae actually destroys the filaments or whether the 
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changes in numbers of both organisms are due mainly to temperature 
changes. 

Filter Influent Screens.—The original design provided for screening 
the settled sewage through a 14-in. mesh screen before pumping it to 
the filters. When we started operation, we found that this sereen be- 
came clogged frequently in one to two hours. At the designer’s sug- 
gestion, we abandoned the use of these screens for a while, but on May 
11 we changed the screens to 14 in. mesh and have used them ever since. 
They usually have to be cleaned about three times a day. During the 
time that no screens were in use and sewage was being applied to both 
filters, an average of 67 nozzles per day required cleaning—about 33 
per cent of the total nozzles. When only one filter was in use, higher 
velocities prevailed and only 28 nozzles per day required cleaning. 
Normally, from 6 to 12 per cent required daily cleaning after the !.-in. 
mesh screens were used, but during the period of falling leaves the 
percentage increased to twenty. This is due principally to the fact 
that the final effluent that is recirculated is not screened and leaves which 
fall into it are carried onto the filters. Much of the normal clogging is 
caused by chunks of grease. The grease passes through the screen but 
then congeals into a heavy coating on the walls and pipes in the wet 
well. At times, pieces of this coating are broken off and chunks are 
pumped to the filter. 

Stone Dust from Filters.—After leaving the filters, the sewage flows 
by gravity to the final clarifier. This tank is 50 ft. in diameter and 
has a water depth of 10.67 feet; is arranged for center feed and circun- 
ferential overflow and is equipped with Rex-Tow-Bro sludge removal 
equipment as manufactured by the Chain Belt Company. At first we 
pumped the sludge from this tank to the sludge concentration tank, how- 
ever, we found that this sludge would not concentrate in the time avail- 
able. On May 23 we started pumping the sludge directly to the new 
digester. In our effort to draw as heavy a sludge as possible, we ap- 
parently failed to draw enough, for on June 4 the overload device threw 
the mechanism out of operation. We drained the tank and pumped the 
accumulated sludge to the digester. From that time on, we have 
pumped a large volume of thin sludge from this tank back to the raw 
sewage. On August 13 the overload device again threw the mechanism 
out of operation. This time when we drained the tank, we found an 
accumulation of fine sand or limestone dust. Two eubie yards of this 
material was shoveled out and since then we have had no further trou- 
ble, although inspection of the filter underdrains shows that some such 
material is still being washed out of the filters. It is not definitely 
known whether this material was simply stone dust placed in the filters 
with the original stone and did not wash out because of the heavy 
filamentous growths, or whether it indicates disintegration of the filter 
media since it was placed. 

Note: It is not uncommon to encounter appreciable accumulations 0} 


stone dust in final sedimentation tanks immediately after a 
new trickling filter is placed in operation. 
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A Tip about Gas Engines.—We had one of the manufacturer’s me- 
chanies assist our men when the engine was torn down in December and 
found it to be in excellent condition. No new parts were required other 
than gaskets, oil rines and one new spark plug. It had run about 6,800 
hours since the last overhaul. At first we had considerable trouble 
with spark plugs but after adopting the practice of cleaning and ad- 
justing them at each oil change, we have had little trouble. Prior to 
March 20th we had to replace seven of the twelve spark plugs. On that 
date we put in all new ones, carefully adjusted, and since then have 
replaced only three. 


Muskegon Heights, Michigan (1940) 


sv R. A. Anverson, Superintendent 


Effects of Metal-Plating Wastes on Activated Sludge—The trade 
waste received at the treatment plant during 1940 was greatly reduced 
involume. The Norge Company made many plumbing changes during 
the early part of the vear and to avoid extra expense only one main line 
was laid through the factory. As the chemical solutions which are 
harmful to biological life are seattered throughout the factory, the com- 
pany decided to return all of the waste to the storm sewer system with 
the exception of only a few of the solutions which were connected to the 
sanitary system through separate lines. The wastes now being re- 
ceived at the treatment plant are the 42 per cent caustic solution, 7 per 
cent sulfuric acid and a new solution called ‘‘oakite’’ in which the main 
chemical used is phosphoric acid. 

Investigation at the ‘‘Sealed Power Plant’’ indicated that they dis- 
charged nearly all of the machine oil and soluble oil (grinding emul- 
sion). An oil separator was purchased by the company to remove the 
machine oil. The soluble oil and spent grenadine wastes have been 
connected to the sanitary system and the only waste now connected to 
the storm sewer is that from the cadmium plating department. The 
sulfuric-oxalic acid mixture is hauled to a dump as this waste might 
seriously injure the sewer. A new employee dumped this waste by 
mistake into the sanitary sewer on Sept. 18, 1989, resulting in a total 
acidity of 3,000 p.p.m. in the raw sewage composite. The analysis of 
the combined trade waste from the ‘‘Sealed Power Company’? indi- 
cated that it was resin soap emulsion and that it was harmless to 


, 


sewage organisms. 

The caustic and acid wastes, nickel sulfate and the soda ash borax 
solution in the pickling line in the porcelain room at the ‘t Norge Com- 
pany’? are all more or less harmful to biological sewage treatment 
processes. 

The Norge has made progress in the manner of handling the wastes 
from the nickel sulfate tank. At present a cold process has replaced 
the former hot process and a large portion of the nickel sulfate solution 
is recovered and re-used after settling out the sludge which collects in 
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this tank. The ceramic engineer had assumed that this sludge was 
almost entirely iron oxide but analysis showed that the dried sludge 
contained 60.25 per cent nickel sulfate. However, because of the im- 
proved method of handling, the effect of this waste upon treatment 
plant processes is greatly reduced. 

The soda ash borax solution was replaced temporarily in December 
with a 0.2 per cent solution of sodium cyanide. The effect of this waste 
upon the activated sludge was so serious that the company returned to 
the soda ash borax method. 





Fig. 1—A View in the Muskegon Heights, Michigan, Plant Grounds. 
R. A. Anderson, Superintendent. 


The caustic and acid wastes severely affect the pH and the settling 
characteristics of the activated sludge. Occasionally these wastes will 
reduce the rate of gasification in the digesters for a few days. It has 
heen recommended that a neutralizing tank be constructed to hold all 
of the spent liquors from this steel pickling line. 

Because of a scarcity of the mineral, the use of antimony in the 
poreelain frit has been discontinued and zirconium and titanium are 
now used as flux. This waste is being discharged to the storm sewer 
but should be returned to the sanitary system. 

There are two chemical units which use chromic acid as a wash 
water. The smaller unit uses about 18 pounds potassium dichromate 
per day and has been continuously connected to the sanitary system. 
The larger unit, which is combined with the grenadine process, uses 
72 pounds of potassium dichromate per day and has never been con- 
nected to the sanitary system and this waste contains 540 p.p.m. chromic 
acid. Recent literature points out the toxicity of chromic acid to bio- 
logical sewage treatment processes. A series of laboratory tests with 
wastes obtained from the larger unit confirm this characteristic of 
chromie acid. The results are as follows: 


Dilution of sewage with an equal quantity of this waste resulted 
in killing 16 per cent of the bacterial life after 15 minutes contact; 
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diluting 25 parts of sewage with one of waste resulted in 14.7 per 
cent kill; 50 parts sewage to one waste, 12.4 per cent; 1000 parts 
sewage to one waste, 3.5 per cent. 


It is also reported that if this waste is discharged adjacent to a bathing 
beach it may cause a skin rash to appear. 

The condition of the stream below the storm sewer outlet during 
1940 was poor and a large increase in turbidity and floating oil wastes 
were noticeable. 


Summary of Operation Data. 


Item 1940 Average 
Tributary population a 15,000 
Sewage flow 1.09 m.g.d. 
Sewage flow io. ‘Ca. 
Screenings removal a 1.5 c.f. per m.g. 
Grit removal. .... 3.8 c.f. per mg. 
Volatile content . 10°; 
5-day B.O.D.: 
Raw sewage 308 p.p.m. 
Primary effluent io “pspsm: 
\ctivated sludge effluent 9.7 p.p.m. 
Rock filter effluent 9.8 p.p.m. 
Sand filter effluent 1.3 p.p.m. 
Suspended solids: 
Raw sewage. . 364° p.p.m. 
Primary effluent 166 p.p.m. 
Activated sludge effluent ; 16 p.p.m. 
Rock filter effluent 18 p.p.m. 
Sand filter effluent... . dS. p.p.m. 
Sludge digestion: 
Raw sludge quantity per m.g. sewage 8,292 gallons 
Per cent solids. . 3.986; 
Per cent volatile... . 67.2% 
Reduction in volatile matter... ... 63.2% 
Digester loadings (lbs. per cu. ft. per month): 
Total solids. . edeuaas su 1.69 Ibs. 
Volatile solids , 1.13 lbs. 
Digested sludge per cent solids Ico caters 6.79% 
Per cent volatile. . - S Acdebenn atten 13.0% 
Daily gas production Kees 2580 cut: 
Per capita daily........ ; 1.44 cu. ft. 
Per pound dry solids added... ... 710 eu. tt. 
Per pounds volatile solids added. . . 10.56 cu. ft. 
Per pounds volatile solids digested 16.72 cu. ft. 
\ctivated sludge: 
\eration period 7.1 hours 
Applied air... 0.42 ¢.f. per gal. 
Return sludge . 35.1% 
Solids content .... 4,600 — p.p.m. 
Mixed liquor solids 1,300 = p.p.m. 
Sludge index . 185 
Operation costs: 
Per million gallons treated . . . . $36.53 
Per capita connected $ 0.97 
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Note: Superintendent Anderson supplements the Muskegon Heights 
industrial waste situation by a recent letter advising of the present 
status: 


‘*Because of an unwillingness of the Norge Refrigerator Company 
to co-operate with the City in the treatment of their wastes the entire 
trade waste problem has been placed in the hands of the Stream Control 
Commission. 

‘*Some time ago the return activated sludge was analyzed for nickel 
sulfate and we learned that nickel was present in an amount equal to 
6 pounds per 1,000 pounds of sludge on a dry basis. With this loading 
it was impossible to obtain satisfactory operation of the activated 
sludge unit. Nickel sulfate does not harm sludge digestion to any 
noticeable extent. 

‘*The acid pickling and de-enamel tanks and the nickel sulfate sludge 
have been removed from the sanitary system during the past month 
and the results obtained at the treatment works is now much more 
satisfactory. It is planned to discharge these wastes to a sand pit at 
the rear of the factory.”’ 


BARK FROM THE DAILY LOG 


July 1—Found that a section of our 18-inch, South Branch intercepting sewer, 
partially exposed at a creek crossing, had been broken by boys who had appar- 
ently been practicing bombing with loose rip-rap stones. Judging by the con- 
dition of the sewer, the ‘‘blitzkrieg’’ must have been highly successful—to 
the raiders! 

Made temporary repairs until suitable permanent ‘‘armament’’ can be 
furnished. 


July 3—Daily inspection revealed sliding current collectors attraction type 
final clarifier mechanism to be bent. Ordered repair parts and decided to 
empty the unit for inspection and painting while awaiting delivery. _Accord- 
ing to available records, the unit had not been drained for six years. 

Imagine our surprise to find eighteen fat carp weighing 4 to 6 pounds in 
the tank after draining it! Directed that they be placed in creek. 


July 5— Inspected final clarifier mechanism and found: 

(a) About one third of the under-water steel surface to be still pro- 
tected by the last paint application (two coats ‘‘Non-Oxide,’’ applied six 
years ago) , the remainder of the surface being rusty and pitted. 

(b) The sheet brass plows to be curled and about 20 per cent of them 
to be so badly torn as to require replacement. The balance were still 
usable by straightening somewhat and reversing so that any remaining 
‘curl’ would be in the direction of rotation. 

(c) With the exception of some of those in the center sludge sump, the 
steel plow arms were in good condition. Considerable corrosion of some 
of the center arms was noted. 
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(d) Steel cap-screws with bronze nuts had been used to fasten the 
plows to the plow arms. The cap-screws were too far gone for re-use 
but nearly all of the nuts were found to require only re-threading. 
‘Nuts’ to buying 275 new nuts at 6 cents each! 


July 6—Began cleaning under-water steel of clarifiers in preparation for re- 
painting. Using scrapers and wire brushes to remove all rust and scale fol- 
lowed by thorough washing with gasoline to eliminate any remaining grease 
or oil film. 


July 8—Called local National Youth Administration office to ascertain possi- 
bilities of getting an N. Y. A. project for District. Sufficient encouragement 
forthcoming to justify submission of an application, which was done. 


July 10—Started painting clarifier mechanism. Metal above water had been 
painted with a very good aluminum paint. The few places at which rust 
showed were scraped, brushed and ‘‘spot-primed’’ with graphite primer. 
One coat of good quality aluminum paint is being applied. 


July 11—Professor F. T. Mavis of Pennsylvania State College paid us a visit. 


July 15—Began application of the first of two coats of Gilsonite paint to 
underwater portion of clarifier mechanism. If this paint job fails, it won't 
be due to lack of effort in preparing the surface! 


July 20—Painting of clarifier mechanism complete. Began repairing, re- 
placing and adjusting plows; cleaning and painting walkway gratings, creosot- 
ing wood baffles and similar small jobs. 


July 24—Final clarifier back in service! Our plan is to drain, inspect, repair 
and paint this unit as needed, at least once each year in the future. 


July 25—Poured new concrete floor in dry well. As originally constructed, 
one corner of this floor was 6 inches lower than the corner in which the drain- 
age sump is located. The new floor has plenty of slope in the right direction 
and will eliminate most of the dampness which previously existed in the dry 
well and motor room above. 


July 28—The plastic coil packing used in the past on the vertical shaft, 
centrifugal sewage pumps does not appear particularly good. Today we are 
trying top and bottom end-rings of square, plaited, asbestos packing with two 
rings of the plastic packing between. (Later experience indicates this pack- 
ing arrangement to be much more effective and lasting than the old method. ) 


July 31—Removed 8.5 cubic yards of grit from our screen chamber. Al- 
though our sewers are supposedly used only for sanitary sewage, about 25 
cubic yards of grit per year or 0.3 cubic foot per million gallons is removed 
at this chamber. 

We failed to find the set of false teeth for which we were requested to 
look by one of our customers! 


August 2—As indicated previously, we are not completely sold on this violent 
hosing of Imhoff tank gas vents, despite the fact that our vents accumulate 
scum to a depth of 5 to 12 feet, depending upon the season. 
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Today, as a crude experiment, we placed a garden hose so that a fine 
spray was projected horizontally over one of the vents. Plant effluent from 
the flushing water system was used. After an hour of this, the 8-foot scum 
layer was very soft and mushy beneath the spray and the gas was released 
freely, yet there was no disturbance in the settling channels. These results 
were considered sufficiently promising to justify design of a more elaborate 
spray system for further experimentation on one-eighth of the gas vents, 
(See ‘‘Experiences in Digester Scum Control’ elsewhere in this issue, for 
additional details. ) 


August 3—One of the operators slipped and fell into an Imhoff tank gas vent 
this morning, while skimming the tanks. He suffered an abrasion on his leg 
and was sent immediately to a doctor for first aid and a tetanus ‘‘shot.”’ 
Maybe it was well that the vent in question had a solid scum layer in this 
case—since the man hardly broke the surface in his dive! 


August 5—Installed scum spray system at one end of the gas vents in Tank 
No. 2. The plant operators, who previously spent 10 to 20 hours weekly in 
hosing the vents, are already “‘sold’’ on the idea. 


August 10—In this locality, an ordinary panelled door seems to present a 
special challenge to youth. No less than five outside doors of various build- 
ings about the grounds show scars of numerous attacks. 

Our carpenter started today at replacement of these damaged doors by 
new ones made of |-inch ply-wood, faced with car siding (nailed vertically) 
and with hinges and lock hasps securely bolted thereto. We're almost in- 
clined to invite the neighborhood gang to kick these in—if they can! 


August 14—Enough is sufficient! The check valve on our 3.5 m.g.d. pump 
has been given minor repairs a number of times during the past few years but 
still manages to stick in an open position on occasion. Today we ordered a 
new disc, yoke, hinge and hinge-pin. A complete overhaul is obviously in 
order! (Old valve used for 17 years.) 


August 18—lInstalled a sanitary drinking fountain in grounds for visitors and 
picnickers in our park. Formerly, the only hydrant available was located in 
the garage and shop. The saving in tools should soon pay for the new 
fountain! 


August 22—Local N. Y. A. office advises that our project application had 
been rejected due to a recent change in policy in regard to training of boys 
in trades essential to National defense. Felt that another try at this was 
worthwhile, since we had good use for some of this labor, so a carefully pre- 
pared letter was sent to the District N. Y. A. office requesting reconsideration 
of our application. Keeping fingers crossed. 


August 26—Brightening up the screen house with paint. With open 
screens, this spot can hardly be made attractive, but cleanliness and fresh 
paint do much to minimize the objectionable aspects. 


August 28—One of the best plant operator’s meetings we have been privi- 
leged to attend is the Annual Field Day sponsored by the Illinois Association 




















Vol. 13, No. 4 ' BARK FROM THE DATLY LOG 809 























941 

ine of Sanitary Districts. Today we were the guests of the Rockford Sanitary 
om District (H. A. Riedesel, Superintendent) and the usual high caliber of these 
um conferences was maintained in fine fashion. 
sed August 30—The first harbinger of winter! Were visited by representatives 
Its of a local coal company who wished to discuss our winter fuel requirements. 
ind Who wants to talk about buying coal when the mercury stands at 90 in the 
- shade? 
for S. nen 
- OFFERINGS OF GADGETEERS 
eg An Economical Safety Belt 
oo 
ris Many of us are prone to disregard the hazards involved when it is 

necessary to enter sewers or manholes where there may be a deficiency 
- in oxygen or presence of toxic gases. No one should be permitted to 
" enter such places unless he wears a dependable safety belt with the 
rope in the hands of two men on top to lift him to safety in case of 
accident. 

a R. D. Woodward, Chief Operator of Sewers at Laguna Beach, Cali- 
d- fornia has developed a rope hiteh (Figure 1) which may be of interest 
oY 
/) 

i te” Waist Kope 

36’ long 

Ip 
At 
a 
in Wyn 

3" Stee! Rings \2,2 Gack Rope 
12” Long 

id 
n 
v 
d 
S 
S i Swivel Snap. 

: Fig. 1.—Home-made Safety Hitch, Developed by R. D. Woodward, Chief Operator of Sewers 
n Laguna Beach, California. 

to sewage workers in municipalities which may not be able to afford 
; the rather expensive, standard safety harness. The hitch is easy to 
make, inexpensive and convenient to use. The upper rope is placed 
around the body beneath the arms, the two lower ropes are snapped 

; around the thighs and the pull rope is fastened on the upper ring in 

the back. 
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Moving Sludge by Tractor 




















To add convenience and mininize costs in removal of sludge from a 
drying beds, Superintendent Walter A. Sperry of the Aurora (Illinois) 
Sanitary District uses a caterpillar tractor fitted with side bins or 
‘saddle bags’’ of 3 cu. yd. capacity. The machine is pictured in Fig- 
ures 2 and 3. 0: 

ie: 
Fic. 2.—Tractor Equipped with Side Bins for Hauling Sludge at Aurora, Illinois. 
Fy 
01 
o| 
a 
Fig. 3.—Aurora’s Sludge Hauling Tractor in Service. 
5 ch 

Sperry reports that five men (including the tractor operator) can th 
move 90 cu. yd. of sludge per day from the beds to the stock pile with 4 
the tractor. Sludge removal costs have been cut from 51.6 cents to hi 
23.4 cents per cu. yd., a reduction of 55 per cent from the costs of re- ti 
moval by means of the original industrial dump car system. 

The tractor is also used to haul grit and, when equipped with a bull- or 
dozer, for clearing snow, grading roadways and trimming the sludge 
stock pile. 
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A similarly equipped tractor has been successfully used for moving 
sludee at Springfield, Illinois for several vears. 
Glass-Ware Flushing Jet 


Kigure 4 illustrates a jet devised by Chief Operator Frank Faccini 
of the North Sewage Works at Stockton, California, for use in flushing 
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Fig. 4.—Glass-ware Flushing Jet, Developed by Frank Faccini, Chief Operator of the North 
Plant at Stockton, California. 


out Imhoff cones, sample bottles, flasks, graduates and other laboratory 
vlass-ware of the ‘‘tall, long and narrow”’ type. 

The object is merely inverted over the jet, the water turned on, and 
a thorough rinsing results. 





OPERATION OF PRIMARY TREATMENT UNITS * 


3y D. C. ReyBoip 


Engineer, The Dorr Company 


Operation of Bar Screens and Grit Chambers.—Bar screens and grit 
chambers are very essential parts of a sewage treatment plant. <Al- 
though these units do not play an important part in suspended solids or 
B.O.D. removal, they do remove objectionable materials that otherwise 
hinder the efficiency of sedimentation, digestion and secondary oxida- 
tion processes. 

It is advisable for the operator to remember that bar screens and 
grit chambers are installed as protective devices to relieve possible 


Presented at Second Sewage Operator’s Short Course held at University of Illinois, 
March 10 14, 1941. 
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troubles in the balance of the plant. Consequently, they should be op. 
erated efficiently and kept in good repair. 

Every sewage plant has its peculiarities and special problems, 
However, the following general operating rules are applicable in the 
majority of cases. 


(1) Always keep the bar screen and grit chamber structures and sur- 


(6) 


roundings neat and clean. Operation efficiency seems to vary di- 
rectly with cleanliness. Not only does a good ‘‘house-keeper” 
find it easier to keep units in good working order, but his reputa- 
tion as an operator and the reputation of the plant as a whole, are 
increased enormously. 
Plants equipped with hand-cleaned bar screens and grit chambers 
should have an established, daily routine to remove the material 
collected by the units. At times of storms or high flows, the 
routine should be changed in order to handle the increased flow. 
The units should never be neglected. 
Do not leave the hand-cleaned screenings and grit in piles for later 
disposal. The material should be disposed of immediately in 
order to reduce odors, flies, and general uncleanliness. The 
sereenings should be buried or burned and the grit buried. 
If mechanical equipment is installed, keep the units painted and 
in good working order. Always follow the manufacturer’s recom- 
mendation regarding lubrication, repairs and general mainte- 
nance, 
Many mechanical items are equipped with shear pins to protect 
the units against unusual overloads. The shear pin is a protec- 
tion against more serious breakdowns. Consequently, broken 
shear pins should be replaced with new pins of the equipment 
manufacturer’s specified material, and not with sections of steel 
rock, bolts, or rivets. Such substitute materials relieve the op- 
erator of shear pin replacements, but-on the other hand, eliminate 
all overload protection with the possible result of serious and 
expensive breakdown. 
Nearly all mechanical screens have some method of automatically 
controlling the operation. The ideal in screen operation is to 
have the mechanism run only at the time when screenings have 
heen collected on the bars. Automatic time clocks are furnished 
on some installations, and these clocks are capable of being set 
to operate the mechanism for any predetermined number of min- 
utes of any hour. Screenings, particularly with varying flows of 
sewage, do not build up at certain periods, and consequently, time 
clocks do not provide control of operation at the critical time. 
Some method of float control is more certain. As screenings 
build up on a bar sereen, additional head is required to handle 
the volume of sewage through the screen. The additional head 
backs the sewage up the sewer, and may cause flooding, septicity 
and odors. In addition, the additional head allows some sereen- 
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ings, normally held back by the screen, to be forced through and 
carried on to the other units in the plant. Differential float con- 
trols have been developed to start the screen when this additional 
head is built up. These float controls minimize operation periods 
and have the distinct advantage of operating the unit only when 
necessary. 

(7) In large plants, coarse bar screens or racks should be installed 
as a protection to the bar screen equipment. These racks have 
3 in. or 4 in. openings and catch logs, tin cans, and other large 
objects. In small plants such racks should be installed to pro- 
tect comminutors. 
In installations of comminutors or grinders, it is essential to keep 
the cutting mechanisms sharp and in good working order. The 
purpose of these mechanisms is to chop, grind or ecomminute the 
screenings to a small size which can be suecessfully handled in 
the balance of the plant. Dull cutting-teeth produce large size 
material that may cause considerable trouble in the other plant 
units. 

(9) In hand-cleaned grit chambers, it is advisable to remember that 
fine grit will not stay settled at a velocity over 1.25 ft. per second. 
Thus, half-filled grit chambers may increase the velocity to a 
point where additional grit is not removed. 

(10) All mechanically-cleaned grit chambers should have a bar screen 
preceding it for protection against rags and other screenings. 
These materials have a tendency to wind around grit-cleaning 
mechanisms, creating a great deal of trouble. 

(11) Washed grit can be used for walkways, roads, sludge bed sand, 
ete. Equipment is available to wash the organic matter from 
grit, reducing the odor and fly-breeding problem. 


(Ss 


Operation of Sedimentation Tanks.—The sedimentation tank in a 
sewage treatment plant plays an important role in the results obtained 
by any treatment process. 

In primary treatment plants, the sedimentation tank efficiency de- 
termines the degree of treatment and the consequent solids load in the 
effluent. In complete treatment plants, the primary tank efficiency 
determines the load that must be handled by the more expensive, oxida- 
tion or secondary treatment processes. Final settling tanks are not 
only used to collect and separate the returned solids for mixed liquor 
treatment, but their efficiency determines the appearance and suspended 
solids analysis of the final effluent. 

The sewage plant operator should endeavor to obtain the maximum 
efficieney of his settling tanks. This efficiency should not be inter- 
preted as the per cent removal of suspended solids. Every sewage 
varies in the amount of suspended solids that will settle, and the most 
efficient tank can only remove 100 per cent of the solids that will settle. 
Therefore, it is the settleable solids removal that determines the effi- 
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ciency of a settling tank. The following examples indicate the point in 
question. 


Suspended Settleable 
Solids Solids 
Plant Per cent Removed Per cent Removed 
A 45 97 
B 81 96 


Plant A has very efficient sedimentation, and the efficiency compares 
favorably with Plant Bb. The difference in suspended solids removed 
is due to characteristics of the sewage: Plant B contains a large amount 
of lime, which coagulates the suspended solids. Any settling tank that 
continuously removes over 95 per cent of the settleable solids is prae- 
tically perfect. 

Settling tanks below a 95 per cent figure on settleable solids removal 
can generally be improved by adjustment of baffles, weirs and elimina- 
tion of short circuiting. Plants overloaded with resulting short deten- 
tion periods and high overflow rates will, of course, give poor sedimenta- 
tion efficiency, and there is little any operator can do to improve the 
results, 

The greatest failure of operators in any sewage plant is in the re- 
moval of sludge. The rate of sludge pumping is too high, and the 
amount of sludge pumped is too great. 

It must be remembered that sludge forms a light blanket in the 
hopper of any sedimentation basin. A high pumping rate first pulls 
the sludge directly over the withdrawal pipe, and then the overlying 
sewage, because the outer layers of the sludge blanket will not slough 
off into the hopper as fast as the pump requires. The net result is 
that a great deal of sewage is pumped to the digestion tank with very 
little sludge. This sewage must be heated in the digester, and as it 

‘annot produce gas to heat itself, the digester becomes cool. In addi- 
tion, the volume of supernatant liquor returned from the digester to 
the settling tank is increased, and since the supernatant liquor is rela- 
tively high in B.O.D. and suspended solids, the plant efficiency drops. 

More important, such pumping practice leaves most of the sludge 
in the settling tank, where it turns septic, becoming malodorous and 
producing large amounts of scum. 

Experience has shown that frequent pumping periods for only a 
few minutes at a time, and at a low pumping rate, give the best results. 
Supernatant liquor is reduced in strength and volume, the settling 
tank is kept clean and fresh, and digestion capacity is increased. 

The following summary of rules to follow in clarifier operation may 
be helpful: 


(1) Keep the mechanical equipment well painted, lubricated and 
good operating condition. Follow the equipment manufacturer’s 
recommendations regarding repairs and maintenance. 

(2) Keep the weirs level in order to prevent short-cireuiting and poor 

settling efficiency. 
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(3) Keep tank clear of seum by skimming frequently. 

(4) Pump sludge at a low rate from the tank. 

(5) Pump sludge for only a few minutes at a time but at frequent inter- 
vals. 

(6) Do not allow settled sludge to become septic. 

(7) If overflow rate and detention period are satisfactory and settleable 
solids removal is low, then adjustment of baffles, inlet and take-off 
arrangements should improve efficiency. 

(8) Run mechanisms to produce as thick a sludge as possible. Hxpe- 
rience will dictate this procedure. 

(9) At times of low flow, recirculation of effluent back through the set- 
tling tank will reduce detention period and reduce opportunities 
for septicity. 





EMBARRASSING SHORT STORY 


O. P. Rator has 

Two plants to use— 
Both by-passed 

With no excuse. 

State Health man comes, 
Inquiring frown; 

Rator’s caught with 

His plants down!! 


DERIVATION OF GAS ENGINE OPERATING COSTS * 
By R. W. Frazier, Superintendent, 


Oshkosh, Wisconsin 


In deriving costs of operation of a gas engine in sewage plant op- 
eration, various methods have been used in arriving at these costs. 
Variables in plant installations are such that individual consideration 
has to be given to each case. The cost per KWH and net savings on 
the operation of the gas engine is the ultimate end of the accounting. 
The question is, how to derive the figures, and what is to be considered 
in the cost accounting. 

A number of gas engine installations have been made with the as- 
sistance of Federal funds, together with appurtenances to the operation 
of the engine. Some have charged off the percentage donated by the 
agencies, which no doubt will show a larger saving. If the agencies did 
not make a donation, the original cost would still hold and if the new 
engines were purchased, no help would be forthcoming. 

A question arises, whether or not appurtenances such as gas-holders, 
meters, gas compressors, electrical equipment and buildings should be 


Presented at the Wisconsin Sewage Works Operator’s Conference, Sheboygan, Wisconsin, 
May 20, 1941 
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charged against the engine. Some of the plants have a number of the 
appurtenances mentioned, while others do not. 

In the treatment of sewage where sludge is digested and gas ven- 
erated, some disposal of the gas has to be made. One instance I know 
of, where gas meters and holders are installed, the gas is used only for 
heating, and production being of such nature, all of the gas is not used 
for heating, so the excess is burned in the atmosphere. No doubt, a 
number of the appurtenances are necessary adjuncts to the collection 
and distribution of the gas, but may not affect the operation of the 
engine as far as operating costs are concerned. 

A number of communities have their own electric plants and if power 
is used under this condition, the rate of power may be smaller. Others 
have to purchase power on an industrial basis, either on a flat rate per 
KWH or on a graduated seale. Others generate power and sell their 
excess power to the electric utility possibly at a rate in which they pur 
chase their deficiency. All in all, this is variable in each community. 

In suggesting a standard plan to follow, consideration should be 
given to the kind of a report which will appear favorable to the govern 
ing body or community. This report to show the essentials that are 
of importance to all. : 

The following is a tentative outline submitted for your consideration 
and discussion. 


1. Make of engine and vear installed. 

2. Size—H.P.—No. 

3. Use—Generator, pumps, blower. 

Cost (Actual—disregarding Federal funds). 

Maintenance. 

Repairs (Gaskets, rings, plugs, ete.). 

Supplies (Grease, oil, ete.). 

Depreciation (Actual cost). 

Interest on investment. 

10. Insurance. 

11. Labor (Overhaul, repairing). 

12. Compensation on labor. 

13. Total cost of operation. 

14. Hours operated. 

15. KWH (Gen., m.g.d. pumpage, eu. ft. air produced). 

16. Cost of power purchased per KWH. 

17. Total power purchased. 

18. Total power generated. 

19. Cost of power generated at utility rate. 

20. Net savings shown of power generated over the amount if power 
had to be purchased. 





OO ) os Gi me ¢ 
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Further cost can be shown on what the actual cost was for total 
power cost per KWH; that is, power purchased and power generated. 
In all cases, the cost of gas engine operation is to bring out whether 
or not the engines are a paying investment. 
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NATIONAL DEFENSE INDUSTRIAL ACTIVITY 


Gas ENGINE OPERATION (LE Rot) 


Sewage Tre: atment Plant, Oshkosh, Wis. 
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W : asi for maintenance and re 
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a Depreciation..............+. eshte dd 
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Total Operating COSt 6c 6 vic. c ae owes 
1 a : ? ; : 
No. | Engine operated 18,004 hours, generating... ... ; 
. No. 2 Engine operated 7,694 hours, generating......... 
' 
r Total power generated. ........... 
Average IXW per hr.—No. 1 Engine 
Average KW per hr.—No. 2 Engine— 
(: R 
Average total cost of power generated 
, ‘Total power cost at plant: 
Power purchased... . 
Penalty—min. charge 
L Operating cost... 


Total power cost....... 


IXWH purchased... .. 
KWH generated... .. 


Total generated and purchased... . 


Power generated @ P. 8S. Corp. rates—No. 
Power generated @ P. 8. Corp. rates—No. 


Operating cost scat te latte einen te hha Spr 


J. Bernhardt. 
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Alleghany Ludlum Corporation. 





pair.... 


Total cost of power generated and purchased per KW H = 


1 Eng. 
2 Eng.— 


Value of power generated @ P. 8. Corp. rate of .02 per KWH 


Net savings on power generated—3!3 years 


, 1937 to February 12, 1941 


No. 1 Engine 
. $1,015.70 
17.06 
687.25 
655.01 
357.26 
67.46 


$2,799.74 


= $.00567/KWH 







2 Engine 
$ 301.60 
4.07 
295.54 
655.01 
357.26 
67.46 


$1,680.94 


. 562,928 KWH 
_ 226,692 KWH 


—31.2 @ cost of $.00497/KW H 
29.4 @ cost of $.00741/KWH 
4,480.68 
789,620 


789,620 KWH 


. $ 5,676.85 
292. 


52 


4,480.68 


$10,450.05 
279,312 
789,620 


1,068,932 KWH 


$.00977 


562,928 X .02. 
226,692 X .02 


. $15,792.40 
pai 


$11,311.72 


SEWAGE WORKS AFFECTED BY NATIONAL DEFENSE 
INDUSTRIAL ACTIVITY 


Two instances in which increased production by industries, due to 
national defense activity, have brought serious problems to municipal 
sewage treatment works, were disclosed during the April 26, 1941, meet- 
ing of the Western Section of the New York State Sewage Works Asso- 
ciation, held at Lockport, New York. 

An unusual situation at Dunkirk, New York was described by 

Some trouble had been experienced since 1934 with a 
liquor discharge of some 500 gallons per week from the 
The present discharge is from 1,800 


Carl 
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to 2,000 gallons per week, and it is expected- that with increased produe- 
tion and new plant capacity, the discharge will be approximately 5,000 
gallons per week. The effects of this pickle liquor appear in several 
instances: metal or bar screens are corroded and dissolved until no 
thicker than a knife blade; holes appear in pump suction pipes and con- 
crete has been spalled off. Digestion of the sludge has not been normal 
and after months of digestion, the dried sludge is still non-spadable, 
When acids and lime have been dumped together, the volume of sus- 
pended matter has been exceedingly high, with an Imhoff cone test show- 
ing 100 to 120 ml. per liter. 

With the increased production in the steel plant, these effects are 
even more noticeable, and some form of pre-treatment at the plant will 
be afforded. Neutralizing tanks will be placed in operation and it is 
expected that the sludge quantity will amount to 21% times that now pro- 
duced, with approximately 2 to 3 tons per day of sludge from the steel 
plant. 

Following the introduction of pre-treatment, it is expected that di- 
gestion tank operation will be more normal and other effects on the 
treatment plant structures will be absent. It will, of course, be neces- 
sary to replace a great many metal parts and fixtures in the plant and 
gunite the concrete wall that has been previously attacked by acid 
sewage. 

Increased activity in the Harrison Radiator Company plant at Lock- 
port, New York, has contributed 250 gallons of oil daily and a serious 
problem to Ilbert O. Lacy, superintendent of the sewage treatment 
works serving that city. 

This material collects on the sedimentation tanks and has been 
skimmed off with the normal skimming process and pumped to a di- 
gester which has 4 to 5 feet of oil on it. There has been no digestion 
for several months, possibly partly due to the oil accumulation. 

Although it is not the intention to attempt to handle this oil througli 
the digesters, there is no other way of removing it from the settling 
tanks at the present time. Due to the presence of this excess amount 
of oil, the skimming mechanisms have worn out and are being replaced 
by the manufacturer. Sludge removed from the digestion tank contain- 
ing oil was found, after drying, to burn for some little time. A pump 
capable of removing the oil from the sedimentation and the sludge di- 
gestion tanks for disposal on the sludge beds by burning has been or- 
dered. The company now losing the oil has plans under way to install 
recovery separators to prevent the loss of the oil to the sewers. 


TIPS AND QUIPS 


Chiet Operating Engineer R. R. Sotter of the Richmond-Sunset 
Works at San Francisco, California, suggests the use of infra-red lamps 
at the back of the switchboard to reduce condensation. 
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While draining a large sludge storage tank after three years of 
service, Chemist C. C. Larson of the Springfield (Illinois) Sanitary Dis- 
trict reports that the last seven feet of the tank contents could not be 
drawn by gravity because of very unusual physical characteristics. Al- 
though showing a maximum solids content of 15 per cent, the sludge had 
solidified into a gelatinous, rubbery mass which could be pumped only 
after it had been thoroughly churned and comminuted with a hose 
stream. 

Larson claims to have severely taxed his vocabulary in getting the 
tank drained but was still able to refer to Hatfield’s studies of the 
thixotropie properties of aged sludge in stating that the sludge struc- 
ture had apparently become so stable that it was virtually impossible to 
reach the vield (flow) point by agitation. 

At the recent California Sewage Works Association Meeting, Chief 
Operator R. D. Woodward of Laguna Beach, California, displayed test 
samples of ordinary insulated wire and ‘‘synthole’’ wire which had been 
exposed to (a) submergence in sewage and (J) suspension in moist 
gases above flowing sewage. In both eases the ‘‘synthole’’ insulation is 
reported to have proven superior. 

. e % 

Addressing the Illinois Association of Sanitary Districts recently, 
Professor H. E. Babbitt of the University of Illinois offered the follow- 
ing masterful bit of paraphrased Shakespeare: 

‘«The quality of sewage is most strange. 
It droppeth as an awful, smelly stream 
Upon the place beneath. 
It is twice foul’d. 
Foul’d by him that gives and bugs that work— 
’Tis mightiest of the mightiest. 


It becomes the limpid stream 
3etter than its source.’’ 


— a 

Kixperimental studies in the application of trickling filters to the 
treatment of nitroglycerine manufacturing wastes were abandoned at 
one of the nation’s largest munitions plants for a most unusual reason. 
In the course of the experiments, it appears that the filter was shut down 
for a few days, during which time the stone became dry. When a work- 
man accidentally struck one of the rocks with a hammer, an explosion 
resulted which injured the man so severely that his arm was amputated. 

It seems that enough of the nitroglycerine had collected on the sur- 
face of the stones to convert the innocent trickling filter into a pile of 
hand grenades! 











Editorial 


THE SECOND ANNUAL CONVENTION 


The Second Annual Convention, to be held in New York City from 
Oct. 9 to 11, 1941, will be noteworthy because of the attention that will be 
given in the technical program to the needs and interests of the average 
plant operator. Months ago it was decided that the problems and prac- 
tices of sewage works operation would be discussed by selected persons 
well qualified to discuss the topics assigned to them. The program was 
therefore planned to include a few papers of high-class research inter- 
est, plus a preponderance of papers dealing with plant operation. 

There will be a symposium on control and operation of sewage treat- 
ment units, and special topics will include the handling and disposal 
of sereenings, biological filters, sludge digestion, and record keeping. 
Well-known operators, including Wellington Donaldson, M. W. Tatlock, 
G. E. Griffin, and Arnold H. Goodman will be asked to discuss these 
topies. It is hoped to have a discussion of cold weather operation by 
Dr. A. E. Berry, of the Canadian Institute, who will be able to give good 
advice to many U.S. operators of the northern states, with reference to 
the maintenance of treatment works in sub-zero temperature. 

‘*Swede’’ Larson, of Springfield, Illinois, will be the continuity man 
for this symposium, and he can add personal experiences as discussion 
of most of the papers mentioned. 

Another session will be led by A. M. Rawn (we hope) who holds some 
sort of record for working, and possibly commuting, between Washing- 
ton, D. C., and Los Angeles. As a result of his experiences in Washing- 
ton, Mr. Rawn will be proficient in supplying the red tape to tie together 
various topics such as laboratory tests for plant control, handling and 
disposal of grit, safety, and chlorination problems. This round-table 
session follows the Operators’ Breakfast. Mr. Rawn will probably 
make this as entertaining as the ‘‘Los Angeles Breakfast Club,’’ which 
is brought to us each morning from his native city, via radio. 

Other operating problems to be discussed in requested contributions 
include : 


Utilization of sludge gas, by George Martin of Green Bay, Wisconsin. 

Operation of small pumping stations, by Grant M. Olewiler of Penn- 
sylvania. 

One of the high spots of the program will be the discussion of pre- 
paredness and maintenance of sewage treatment plants and sewerage 
systems during the national emergency preparations for defense. This 
topic will be presented by Warren J. Scott, of Connecticut, and it 1s 
hoped to have prepared discussion by well-known engineers. This key- 
note symposium will be announced in more detail in our September 
issue. 
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In addition to these interesting papers, there are several outstanding 
papers scheduled : 


Milton P. Adams has agreed to discuss the effect of industrial wastes 
on stream pollution. This valuable contribution may be gauged by ret- 
erence to Mr. Adams’ paper on ‘Treatment and Control of Industrial 
Wastes’’ in this issue. The work done by the Michigan Stream Control 
Commission, under Mr. Adams’ direction, has been outstanding, and its 
worth has not been duly appreciated throughout the country. 

Gordon Fair has promised to discuss the ‘‘ Effect of Load Distribu- 
tion on the Activated Sludge Process.’’ This should bring out active 
discussion of tapered aeration, sludge reaeration, and the New York 
scheme of shortening aeration periods by progressive introduction of 
influent sewage into the aeration tank. It is to be hoped that data will 
be available from one of the New York plants to show comparisons of 
results with and without the tapered feeding system, as introduced at 
Tallmans Island, where the flow has been insufficient to afford compari- 
sons under conditions of load assumed for design purposes. Professor 
Fair will undoubtedly be a peerless leader for this important part of the 
program, and Mr. Gould has promised to discuss operating experiences 
in New York. 

Other papers are being sought, from Dr. H. G. Baity on standards 
and criteria of sewage plant operation; and from W. S. Mabhlie, the out- 
standing operator in the southwest, on relations of design to practical 
operation. 

This summary of available information on the technical program is 
sufficient to indicate how interesting the sessions will be. It should be 
noted that an effort has been made to have speakers who did not appear 
on the program at the First Convention in Chicago last fall, although a 
few duplications may occur. 

In addition to the technical program, the entertainment features of 
the convention will have that Broadway flavor that cannot be duplicated 
anywhere else. 

The exhibits promise to outdo even the Chicago show in number and 
lavishness. We now have the manufacturers working harmoniously 
with the officers of the Federation to improve its status and service to 
members. 

Finally—watch for the September issue for the more complete tech- 
ical program, plus the special emphasis on operation, plus the manu- 
facturers’ section on new developments, all as a prelude to the Conven- 

tion. 

The New York Convention is certain to be a great success. 

KF. W. Mouuman 














Proceedings of Local Associations 


CALIFORNIA SEWAGE WORKS ASSOCIATION 


Thirteenth Annual Spring Conference, Santa Cruz, California, April 20-22, 1941 





On Sunday afternoon, April 20, President Harold Farnsworth Gray 
assembled many operators and other interested members in the Bay 
View Room of the Casa Del Rey Hotel at 4:30 P.M. for the purpose of 
conducting an operator’s symposium. Highlights of the symposium 
were discussions on digester troubles, sewage and sludge pumps, switch 
boards, pump starters, float rods and floats. Ralph Sotter presided 
over this symposium. 

At 7:00 P.M. members and guests assembled in the Trocadero Bow] 
for a buffet supper. Continuing along the line of operation, T. R. 
Haseltine presented a very interesting and informative address under 
the general topic, ‘‘Operating Problems in Other Parts of the United 
States.”’ 

Harold May, Chairman of the Local Arrangements Committee, as- 
sembled the entire group in the lobby of the hotel on Monday morning 
for the purpose of forming a caravan to sewage treatment plants of 
interest. The caravan proceeded to the Main Garrison of Fort Ord. 
The Association was taken on a short tour through the garrison and 
then to the newly completed installation of Doten septic tanks used for 
treatment of the garrison sewage. 

The next stop was made at Carmel. Bernard Rowntree explained 
the operation of the various features of the plant. 

A stop was made for luncheon at Biff’s Place, near Monterey. Past 
President Pardee, city manager at Monterey, was called on during the 
luncheon meeting for a few remarks. 

The activated sludge treatment plant at Salinas was next observed. 
As this plant was out of service for repair purposes, many of the group 
were given the opportunity of observing the construction details of this 
type of plant. 

The caravan was concluded with a visit to the Kast Garrison of 
Fort Ord. The treatment plant here is unique in that all sewage is 
pumped from the camp to the top of a nearby hill, where Doten type 
septic tanks and drainage ponds are located. 

Members and guests assembled at the Trocadero Bowl, in the eve- 
ning for the Spring Conference banquet. The Association was honored 
by the presence of C. A. Kmerson, Jr., President of the Federation of 
Sewage Works Associations, as the guest speaker of the evening. 

Brief talks of welcome were given the group by Mayor C. D. Hinkle 
and by County Health Officer John D. Fuller, M.D. President Gray 
presented Past-Presidents Goudey, Reinke, Haseltine, and Reynolds 
during the evening. 
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President Gray gave a fine eulogy of Past-President Alexander Bell, 
and adjourned the meeting in memory of him. 

President Gray called the business meeting of the Association to 
order in the Bay View Room at 9:00 A.M. on Tuesday, April 22. Dur- 
ine the meeting, the following reports were presented : 


Constitutional Revision Committee—Progress Report ..... L. B. Reynolds 
Pablictiy Committee: 4206 0.65 5 cc oe cage eae ee ees asics Wayland Jones 
poi WSS 8 1S a ORO ge ae Pua REACT aCe Re ee a Albert Castro 
EewIsabive: COMMITEE. .:5.c.0)s clas soe teareldee ore ere wie .8 cei theerewlle Carl Hoskinson 
eT VOCRs Clos (V1) Ce eg On Pea RAE ee ee eee ee J. F. Smith 
CSTEMNCANTON “CORIMMNTOUCE 5.4.5 6:85 i5k G04 Bier a ase DIETS RON R. D. Woodward 
Demon Practice COmmithee: oo 6.5!si6 886 cee sd aeons. Richard Pomeroy 
Pndustrial Wastes Committee so... 6. ese eiesecis a dae oe weddowwale W. T. Knowlton 
Safety Standards Committee: s..53.4.004 ca cisiesws soa eeww dele Joseph Corrao 
PPP TeANaA OPNITIT CUO Sis /5) ais. 50 slate ona ates asd. Sadereae Ge Sabina Ray Goudey 

RON PCReMINI IR OE ANC Cah ereieie attics sateen Sa eee nas Rae Oe esas %. R. Sotter 


A report on schools, submitted by Chairman R. L. Derby, was read by 
the Secretary and supplemented by G. EK. Arnold. The business meet- 
ing was adjourned at 10:30 A.M. 

During the technical session the following papers were presented: 


‘‘Hydrogen Sulfide in Sewage’’ by Fred D. Bowlus. 
‘‘Corrosion of Iron by Sulfides’’? by Richard Pomeroy. 
‘‘Cross Connections in Sewerage’’ by G. EK. Arnold. 


The following participated in a discussion of the above papers: 


Roy Ramseier R. F. Goudey 
Ted Haseltine William A, Allen 
Richard Pomeroy Harvey Ludwig 


A luncheon meeting was held at the Trocadero Bowl at 12:15 P.M. 
During this meeting, Ted Haseltine presented a review of the Chemists’ 
Breakfast held that morning. R. D. Woodward of Laguna Beach pre- 
sented a life-saving device made of rope. He also exhibited some elec- 
tric wire with a special protective coating which seemed to be quite serv- 
iceable around sewage treatment plants. Technical sessions were re- 
sumed at 2:00 P.M. 

The following papers were presented: 


‘*Mechanism of Flocculation in Water and Sewage Practice’’? by IL. F. 
Ludwig and Russell G. Ludwig, 

‘*Use of Port Orford Cedar at Sewage Treatment Plants’’ by Edgar A. 
Brown, 

‘*Cooling of Sewage Gas Engines’’ by J. H. Wallace, 

‘‘Detection of Metallic and War Gas Poisons in Sewage”? by R. F. 
Goudey, 

‘Sewerage Facilities of Army Cantonments’’ by Dwight Bissell, M.D. 

Harvey Ludwig, Ted Haseltine, Harold Gray, Edgar Brown, William 

Allen, John Skinner, John Maga, Harold Davey, J. H. Wallace, J. C. 

Clark, Roy E. Ramseier, and Dr. Dwight Bissell participated in very 

interesting discussions concerning the above papers. 
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The 83 members and 32 guests who attended the Conference ad- 
journed to their various ways at 5:00 P.M. 
Wituram T. Incram, Secretary 


SOUTH DAKOTA SEWAGE WORKS SHORT COURSE 


First Annual Meeting, South Dakota State College, May 19-21, 1941 


The Division of Engineering, South Dakota State College, co-operat- 
ing with the South Dakota State Board of Health, held the first Annual 
South Dakota Sewage Works Operators’ Short Course, May 19, 20 and 
21, 1941. The classes were conducted in the Engineering Building of 
State College in Brookings, South Dakota, and the laboratory analyses 
were run in the Sanitary Engineering Laboratory, there being sufficient 
room and equipment for the registrants to work individually. 

Announcements were sent to every operator in the state a month 
prior to the start of the school, and in these announcements it was 
emphasized that this was to be a school and not a convention. Every 
registrant was expected to attend all classes, participate in discussions 
and to perform his own laboratory work. As an incentive to the fulfill- 
ment of these obligations the College presented Certificates of Attend- 
ance to those men who registered, attended all classes, and did satis- 
factory work. 

At the time of registration all of the registrants received a bound 
notebook containing information relating to the course, certain material 
prepared by the State Board of Health (safety precautions, conversion 
factors, tabulation of chemicals used in sewage treatment, ete.), pro- 
cedures for the various analytical determinations, data sheets, caleula- 
tion and note sheets, and publications from a few commercial houses. 
It is planned to have the lecturers’ notes mimeographed and sent to the 
registrants so that these notes may be incorporated into the notebooks. 
The men seemed to appreciate these books, were glad to get the informa- 
tion contained therein, and by keeping notes on the notesheets bound in 
the books they had a complete record of the course as well as a supply 
of essential information between two covers. 

Arrangements were made to house all of the men under one roof in 
one of our boys’ dormitories. This proved to be quite satisfactory as 
there were 20 men registering representing some 16 South Dakota com- 
munities. By housing the men under one root they became better ac- 
quainted, could discuss among themselves questions that arose in con- 
nection with the school and problems peculiar to each operator, their ex- 
penses for the school were materially decreased, and they seemed to feel 
that they were a fraternal unit. 

During the formation of plans for the short course a definite attempt 
was made to assign a certain general subject to each instructor for the 
duration of the course. Other men were asked to give talks on more 
specialized topies such as sewage bacteriology, utilization of sludge gas, 
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concrete in sewage treatment plants, ete. The instructional work was 
handled in this manner because it was felt that if one man handled, for 
instance, sewage treatment, he should develop the work from primary 
screening through the complete process up to and including the disposal 
of the effluent. In this way duplication of effort was limited, conflicting 
opinions of the various speakers were kept to a minimum, and it was 
felt that the men would be better able to follow a single individual’s 
trend of thought on one particular subject rather than varying the gen- 
eral trend by having more than one speaker handle one general subject. 

The general plan of the school was to have classwork in the morn- 
ings, the lecture periods to correspond to the regular College recitation 
periods, there being a ten-minute rest period between classes. The ask- 
ing of questions during lectures was discouraged; instead, the men were 
asked to make a note of any comments they cared to make and to save 
them all until the rest period. This plan worked very well in that all 
speakers completed their remarks in the allotted time and many times 
there were lively discussions during the ten-minute free period. The 
afternoon periods were given over to laboratory demonstrations and 
procedures. The first day the men made an inspection trip of the 
Brookings disposal plant, filling out the regular inspection forms of the 
South Dakota State Board of Health. They also collected samples from 
three points throughout the plant and brought these samples into the 
laboratory to be used in their analytical work. The second afternoon 
samples were brought in for the men and they proceeded with the ana- 
lytical determinations after laboratory demonstrations. Hach man per- 
formed each determination and kept individual results and data sheets, 
all of this material being kept in the notebooks that were handed to 
the men at the start of the course. 

The annual banquet was held Wednesday noon, May 21, 1941.) Mr. 
W. W. Towne, Director, Division of Sanitary Engineering, South Da- 
kota State Board of Health, presided and introduced the main speaker, 
Professor R. L. Patty, Head, Department of Agricultural Engineering, 
South Dakota State College. Professor Patty discussed his work with 
‘‘Rammed Earth,’’ elaborating on its qualities as a structural material. 
At this dinner meeting the Certificates of Attendance were presented 
to the registrants by H. B. Blodgett, Head, Department of Civil Engi- 
neering and Acting Dean, Division of Engineering, South Dakota State 
College. 

The Short Course was very fortunate in being able to obtain the 
services of John A. Logan, Assistant Professor of Civil Engineering, 
University of Missouri. Professor Logan, in line with the plan out- 
lined above, gave a series of three lectures. The first talk, primary 
treatment of sewage, dealt with the various forms of primary treatment 
including racks, screens, grit chambers, sedimentation units, Imhoff 
and septic tanks. Proceeding in a chronological order, his second talk 
covered the secondary treatment of sewage, dealing with contact beds, 
trickling filters, sand filters, activated sludge, and disposal by dilution. 
In his third talk Professor Logan covered elementary hydraulics of 
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sewage flow, friction losses, transporting capacity of sewage and neces- 
sary velocities in sewers, leading up to a discussion on sewage punips 
and sewage pumping stations. 

A second man who earried a very large share of the teaching load 
was Kenneth Spies, Associate Sanitary Engineer, South Dakota State 
Board of Health. Mr. Spies gave papers on sewerage characteristics, 
sewage plant operation and sludge digestion. Each of his papers was 
very completely outlined, the outline being put on the blackboard as 
he talked. The men were very careful about copying these outlines 
and many favorable comments were heard on this method of presenta- 
tion. Mr. Spies had compiled much interesting and valuable informa- 
tion and the operators will profit from being able to get down al! of 
the material that was presented. 

W. W. Towne, Director, Division of Sanitary Engineering, South 
Dakota State Board of Health, gave papers on public health aspects 
of sewage treatment, sewage arithmetic, chemicals in sewage treatment 
in the absence of H. E. Holst, President of the South Dakota Water and 
Sewage Works Conference, and led a general discussion on the last 
afternoon of the school. Mr. Towne has served in his present capacity 
for approximately 12 years, consequently he is familiar with the prob- 
lems the operators have to face in this state. In his first paper he 
elaborated on the growth in percentage of persons served by sewage 
treatment plans in South Dakota and the nation, stressed the need for 
more complete sewage disposal units by citing instances of water-borne 
epidemics, and presented to the operators the role that they had to 
play as public health agents. His paper on sewage arithmetic dealt 
with conversion factors of parts per million to grains per gallon, grams 
to pounds, liters to quarts, cubic feet per second to gallons per day, ete. 
(all of these factors and many more were composited on one sheet and 
placed in the notebooks distributed to the registrants). Mr. Towne’s 
paper on chemicals in sewage treatment dealt with the growth and 
present status of chemical treatment as well as describing the mechanics 
of the process. The discussion led by him on the last day of the school 
was given over to the problems faced by the different operators, the 
conditions under which the various plants have to operate, and the atti- 
tude of the State Board of Health in regard to the keeping of records, 
sewage analyses, ete. One of the major issues taken up was the type 
of paint to be used in tanks subject to alternate wetting and drying. It 
was suggested that all operators communicate immediately with the 
State Board of Health regarding paint problems and satisfactory solu- 
tions. It was also suggested that the State office be contacted on any 
other major problems and their possible solutions. 

In addition to the above named speakers, Professor Calvin C. Oleson, 
Department of Civil Engineering, South Dakota State College, gave a 
very interesting talk on ‘‘Concrete in Sewage Treatment Plants.’’ His 
paper dealt with the fundamentals of sound concrete leading to a dis- 
cussion of the proper method of mixing and placing concrete subject to 
alternate wetting and drying in localities with a large temperature dif- 
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ferential. In answer to certain questions he elaborated on the proper 
method of repairing unsound conerete walls. A very lively discussion 
centered around his paper. 

W. I. Metzger, Instructor in Bacteriology at South Dakota State 
College, presented a paper, ‘‘ Bacteriology in Sewage Treatment.’’? He 
discussed the various types and classifications of bacteria and elab- 
orated on the different kinds of bacterial action in each type of treat- 
ment. His discussion on bacterial action in trickling filters was well 
taken and afforded a subject for discussion as the majority of treatment 
plants in this state have trickling filters and at the present time many 
operators are experiencing difficulties with their filters due to sloughing. 

Mr. Leland Bradney, Chief Chemist of the Sioux Falls plant, gave 
an interesting talk on the ‘‘Utilization of Sludge Gas.’’? Mr. Bradney 
spoke as a practical man, the Sioux Falls plant utilizing the sludge 
digestion gas in gas engines. Mr. Bradney gave costs, operating data, 
difficulties encountered, and plans for future installations. 

Mr. R. E. Bragstad, City Engineer of Sioux Falls, presented a paper 
on ‘‘Choice and Maintenance of Pre-treatment Works’’; Mr. C. A. 
McTaggart, Dakota Pipe and Culvert Company, presented interesting 
information on the ‘‘Manufacture and Use of Armeo Pipe’’; and 
Charles EK. Carl presented a short movie on sewage treatment and con- 
ducted the demonstrational classes for the various analytical deter- 
minations that the registrants were to make. These tests consisted of 
(1) methods and procedures to be followed in sampling, (2) tempera- 
ture, (8) settleable solids, (4) relative stability (methylene blue), (5) 
dissolved oxygen, and (6) five-day B.O.D. Mr. Towne, Mr. Spies, 
Professor Logan and Mr. Carl worked together in the laboratory help- 
ing the men perform these tests and assisting them in making the neces- 
sary calculations. 

CuHarues EK. Cart, 
South Dakota State College 















Reviews and Abstracts 


EIGHTH BIENNIAL REPORT OF THE STATE WATER 
COMMISSION FOR YEARS 1938-1940 


State of Connecticut, Public Doc. No. 78 (1940) 


Following a general description of current changes in municipal sewage works, are 
some brief notes on special industrial waste problems. In the manufacture of ball bear- 
ings, large volumes of an emulsion of oil in water are used. This ean be eracked with 
acid and ferric sulfate, so that the oil rises to the surface. The settled sludge can be 
removed and after drying used for fill. 

Paper mill waste liquors, particularly from mills making low grade stock, may con- 
tain over five pounds of suspended solids per 1,000 gallons. By installing settling tanks, 
savealls, and filters, the solids can be cut below 14 lb. per 1,000 gallons. Part of the 
recovered waste can be reused, and the clarified water recirculated. 

In metal working mills, the waste liquors contain acid, salts of cadmium, chromiun, 
copper, iron, lead, zine, ete., as well as cyanides. If collected and diluted, the impurities 
can be reduced or removed by treatment. Barium sulfide, lime and copper as added to 
plating room waste liquors containing acid, chromium, copper, ete., will reduce the 
chromium from the hexavalent to trivalent form and precipitate the various metallic salts. 

Pickling wastes result from cleaning metals for further processing. Research has 
developed electrolytic pickling for steel, but this is not applicable to all metallurgical 
industries. When used, the volume of waste is smaller, the acid content lower and the 
iron content higher than in straight acid pickling. 

Textile wastes may be treated by copperas and hydrated lime, removing over 75 
per cent of the color, organic matter, and suspended solids. The sludge, when dried, 
burns readily. 

B. F. Dodge contributes a special report on the electrolytic regeneration of spent 
brass pickling liquor; the chemical methods for treatment of spent brass pickle liquors; 
and a survey of pickling wastes from brass mills. Treatment is complicated if all the 
wastes are mixed. In the electrolytic process, the products are regenerated pickle liquor, 
metallic copper and zine, which can all be re-used in the brass plant. However, there 
is the cost of electrie energy and equipment. Some modification of pickling technique 
may be required. Chemical! treatment uses simpler and less expensive equipment, but 
may utilize a zine oxide sludge, as treatment agent. There is the drawback of making a 
zine salt for optimum profit. 

He considers electrolytic regeneration essentially a reversal of the chemical reac- 
tions occurring in the pickling operations with the aid of electrie energy. The chief 
factors involved are the concentrations of ions involved; acidity or pH; current density; 
temperature; degree of agitation; nature of diaphragm; nature of electrodes; addition 
agents. 

Among the important findings are: 


1. Good copper deposition cannot be obtained until all the chromate in the spent 
liquor has been reduced. 

2. Copper deposition and chromate reduction are best done by chemieal means, 
leaving zine deposition and chromium oxidation for electrolytic handling. 

3. Zine concentration should exceed 30 to 40 grams per liter. 

4. Presence of chromium complicates deposit of zine. 

5. Metals such as nickel, cadmium, copper, arsenic, and antimony, must be removed 
from solution before zine can be satisfactorily deposited. This can be done by treatment 
with brass, followed by dosage with zine dust. Tron can be tolerated up to 300 p.p.m. 
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6. Deposit of copper and oxidation of chromium should be stopped well short of 


completion. 

7. The acid content of the usual spent chromate liquor is insufficient to allow the 
complete reduction of the chromate either by electrolysis or brass. In a regeneration 
process, the acid ean be built up. If sulfur dioxide is used for reduction, the acid con- 
tent is sufficient. 

8. Temperature of cells should be kept low. 

9, The porosity of the diaphragm must be carefully chosen. 

10. Inelusion of chromium in the zine deposit may oceur if the Cr*’ concentration 
runs high. 

11. Small amounts of colloidal organic material, such as glue, improve the zine de- 
posit. 

12. Buffering agents, such as borax, improve the zine deposit. 

13. Acid concentration is critical. If too low, low anode current efficiency results, 
with spongy zine deposit. If too high, zine trees may form, which may injure dia- 
phragm and cause low cathode current efficiency. 


These conclusions are based on small batch cells, holding one liter, with active elee- 
trode 6 sq. in. Some results are confirmed in continuous cells with electrode areas 100 
times as great. 

Various diaphragm materials were tried. The most promising is a stagnant layer 
of electrolyte, restrained by parallel fabrics stretched across the cell. 

Among the quantitative results are: 


Current Density Current Efficiency 
Function of Cell Voltage — - -— 
Amp. per sq. cm. Anode Cathode 
Arsenic and antimony removal... . 25 0.5 - 
Chromate reduction... . Deis 3.8 2.0 60 100 
Copper deposition... . 3.2 1.0 SS 90 
Zine deposition. . . 7.0 3.0 70 50 


Subject to the operation of a pilot plant, the indications are the processes may be 
protitable. 

Among the chemical methods for treating spent pickle liquors is dilution and dosage 
with lime. If chromate is present, it must be first reduced to trivalent chromium. This 
method is simple, but has the objections of the cost of lime and volume of sludge to be 
disposed of. Waste zine oxide sludge is being tried as a treating agent, on a laboratory 
scale. In chromium-containing liquors, the chromate is first reduced by SO: or other 
suitable means. In liquors containing not more than 4 grams of chromium per liter, 
copper can be removed by addition of waste zine oxide to less than 100 p.p.m. with at 
least 75 per cent recovery of the zine. This requires about 8 hours at 100 deg. C. In 
a two-stage process, the acid in the spent pickle is neutralized by sludge from the second 
step. Next, the clear liquor from the first step is treated with zine oxide sludge pro- 
duced from the skimmings of the brass melting operation, to precipitate copper and 
chromium. This operates well on liquors with low chromium content, producing a 
clear zine sulfate solution, containing no chromium, little iron, and under 100 p.p.m. 
copper, in two hours’ time, with about 95 per cent recovery of zine. Difficulties oc- 
curred with higher chromium contents. 

In the brass industry, the pickling wastes vary greatly in concentration. The pollu- 
tion load is split between spent pickle liquor and wash water. The survey of a brass 
plant showed that 85 to 90 per cent of the total acid and metals were discharged in the 
form of dilute wastes. Such wastes contained sulfurie acid, copper, zine, chromium, 
and iron. The study is now focussed on methods for concentration of the dilute wastes, 
to combine with the spent liquor, for treatment. 
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C. R. Hoover adds a special report on laboratory studies of industrial wastes. For 
chromium plating wastes, reduction and precipitation is suggested, effective reagents 
being sulfides of sodium and barium, scrap iron and lime, and sulfur dioxide and lime. 

Color printing wastes may be chlorinated before discharge into sewage for hiolog- 
ical treatment. Textile wastes have also been studied. 

In Meriden, during a 45-hour week, approximately 3.5 m.g. from 30 processes jn 
seven plants were discharged, containing, in particular, zine, copper, nickel, cyanide, 
chromium, iron, aluminum, and oil. Such wastes would affect a sewage plant. The 
use of equalizing aeration and dilution tanks is recommended. 

In Danbury, from the hat industry, two tons of strong acid are discharged weekly 
into the city sewers. , 

Wastes containing cutting and soluble oil, with a B.O.D. of 6,500 p.p.m., can be 
treated with 5 lb. sulfuric acid and 15 Ib. ferric sulfate per 1,000 gal. at pH 4.8 and 
produce a clear effluent, with a B.O.D. of 230 p.p.m. 

In Middletown, textile finishing wastes in the amount of 10 per cent by volume, is the 
maximum that can be added to sanitary sewage, without decreasing the rate of sludge 
digestion. The waste discharge must be equalized so as not momentarily to exceed a 
proportion of 15 per cent as against 85 per cent sewage by volume. 

Copper concentrates rapidly in settled sludge from relatively low traces in sewage; 
é.g., sewage containing 0.5 p.p.m. copper produced sludge with 100 p.p.m. Copper in 
sewage exceeding 1 p.p.m. decreases the efficiency of sludge digestion. Suggested treat- 
ment is scrap iron filters for acid wastes, and sodium or calcium sulfides, followed by 
copperas with alkaline wastes. Chromium wastes do not accumulate in sewage sludge 
to the same degree as copper, but if precipitated, show comparable harmful effects. 
If over 200 p.p.m. of precipitated chromium is present in sludge, the rate of digestion 
is markedly reduced. When more than 1 p.p.m. of chromium is present in sewage, 
arriving at a plant using sludge digestion, the chromium should be removed at the souree. 

The manufacturer should study plant processes to eliminate or decrease objection- 


able wastes. 


LANGDON PEARSE 


SEVENTH JOINT ANNUAL REPORT ON SEWAGE DISPOSAL, 
JOHANNESBURG 





By H. WILSON AND H. T. CLAUSEN (1940) 


Johannesburg is served by five disposal works. The flow of sewage is 10,864,000 
Imp. gal. (13,000,0000 U. S. gal.) per day. The European population in 1939 was 
285,400; the non-European, 243,250. The flow increased 653,100 Imp. gal. per day from 
the previous year. The revenue was 9,913. The Klipspruit works is the largest, ac- 
counting for 6,921,296 Imp. gal. per day. This is being remodeled. 

The report contains a paper by E. J. Hamlin and H. Wilson on “ Investigations 
on Perecolating Filters. Part II.” Trials at the Klipspruit pilot plant indicate an en- 
closed artificially ventilated trickling filter can treat 31% times the settled sewage that 
an open filter can. Artificial ventilation of the enclosed filter is required for an effluent 
of 100 per cent stability at rates above 120 Imp. (144 U. 8.) gal. per day per eu. yd. 
Heat conservation by the cover is of value. 

The 1893 work of Loweock in introducing air about 3 feet deep in a trickling filter 
was repeated. The air was blown in through perforated pipes 2 ft. below the surface. 
The air was of little value. 

More than twice as much sewage can be treated on an open filter in the summer 
as in the winter, sometimes as high as four times. 

Running up the flow to 715 Imp. (858 U. 8.) gal. per eu. yd. per day produced an 
inferior effluent. In another case, increased load from industrial waste produced an in- 
ferior effluent, but the total work done by the filter was greater. 

The presence of CO. in a filter is not injurious. 
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The maintenance of a relatively high temperature in winter in a trickling filter may 
be helpful. 

Another paper by H. Wilson and J. A. MeLachlan on the “ Carbon Dioxide Pro- 
duction in the Activated Sludge Process” briefly reviews the literature, but questions 
whether the conclusions of Adeney and others on the phenomena in the purification by dilu- 
tion can be applied to trickling filters and activated sludge. The examination of the works 
results does not indicate that CO. is the main end product in the activated sludge process. 
Laboratory tests show that when a carbon balance has been established, about 10 per 
cent of the transformation products of the carbon originally in the sewage appear as 
CO. in the effluent air. The CO: in the effluent liquor is approximately the same as in 
the original sewage. Carbon dioxide is not the major product of aerobic oxidation. The 
removal of hydrogen is of equal significance to the attachment of oxygen. Carbon, 
however, is transferred from sewage to sludge. 

LANGDON PEARSE 


MELBOURNE AND METROPOLITAN BOARD OF WORKS 
(AUSTRALIA) 


Report for the Year Ending June 30, 1940 


The total number of houses sewered on June 30, 1940, was 274,974, serving 1,091,646 
population, or 3.97 persons per house. The total cost of construction in the year end- 
ing June 30, 1940, on the sewerage system was £352,342, of which farm purchase and 
preparation was £39,192, and treatment works £46,642. For sewers of all sizes £266,863 
was spent. 

To restrain corrosion in the outfall sewer, mechanical ventilation is being installed. 

The net capital cost of the farm is £1,298,930. After charging £34,703 as the 
operating cost of sewage disposal and £56,357 as interest, and erediting £9,574 as 
trading profit, the net cost of sewage purification was £81,486, or 1s. 6d. per capita for 
the current year, compared with 1s. 4.7 d. last year. 

The operation of the farm includes subsoiling, grading and seeding. An area of 
1,100 aeres is being prepared for grass filtration in its natural state. In the farm 
nursery, 41,800 trees were planted out. 900 tons of hay were harvested for the farm 
horses. 440 aeres were seeded and 1,163 acres top dressed with superphosphate. 

The average yearly rainfall was 16.12 inches, as compared with a 46-year average 
of 18.28 inches. 

19,600 sheep were purchased. The wool clip returned £10,608. The turnover of 
live stock (sheep, cattle, horses, skins, wool and hides) produced £80,535. 

The farm staff totals 358. 

LANGDON PEARSE 


RECENT CONTRIBUTIONS TO THE STUDY OF INDUSTRIAL 
WASTE TREATMENT 


The Surveyor, 99, 205-207 (Mar. 21, 1941) 


Inauguration of the Public Health (Drainage of Trade Premises) Act, 1937, and 
war conditions have inereased the interest of British sewage works managers in the treat- 
ment of industrial wastes. Among the problems which have arisen are the need for 
treatment of industrial wastes in separate plants at isolated sites; evacuation of civilians 
from industrial towns with consequent change in the characteristics of sewage to be 
treated in the town sewage treatment plant; and large increases in the amounts of in- 
dustrial wastes to be treated in existing sewage treatment plants. 

Sewage works managers are anticipating treatment of canning wastes since the 
canning industry is almost certain to be developed by the Government. 
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The quantities of pickling liquors and iron wastes from metal industries has jp- 
creased tremenduously and these wastes are hazardous to the operation otf’ biological 
processes, particularly trickling filters. The quantity of laundry wastes has greatly in- 
creased. 

At one plant which has received wastes from a large wall paper factory, operation 
of the works had been upset due to a falling off in the amount of effluent from the factory, 
The effluent contained China clay which assisted in the flocculation and coagulation o{ the 
sewage. 

Large quantities of coal-washery wastes are being treated in England. The treat- 
ment comprises sedimentation of the drainings containing the fines and the slurry from 
the wash boxes. The overflow from the tank is used over again. Lime is added to the 
washery water, followed by frozen farina or potato starch and caustie soda which « 
the slurry water to floceulate. The slurry is then thickened and filtered on vacuum fi 
The cake is used for boiler fuel. 


auses 
lters. 


K. V. Hn 






THE POSSIBILITIES AND ECONOMICS RELATING TO ORGANIC 
MANURE AS APPLIED TO AIR-DRIED SLUDGE 


The Surveyor, 99, 225-227 (Mar. 28, 1941) 





Active salvage operations and the need for greater agricultural production appear 
to have stimulated the use of sewage sludge in Great Britain. At a meeting of the In- 
stitute of Sewage Purification held at Leeds, February 15, 1941, the entire meeting was 
given over to discussion of the use of sewage sludge as a fertilizer and soil conditioner. 

The discussion brought out the following points: sludge had about the same fer- 
tilizer value as manure; it should not contain too much grease; it should be ground to a 
reasonable size to be readily spreadable; sludge gives up its nitrogen very slowly; it is 
a fine soil conditioner and is especially good for keeping soil moist; it is good fertilizer 
for crops such as cabbage, kohlrabi and other members of the brassica family. 


mV. Eo, 


DISCUSSION ON THE UTILITY AND LIMITATIONS OF THE 
METHYLENE BLUE STABILITY TEST FOR 
SEWAGE EFFLUENTS 


By H. M. DE VAAL AND G,. J. STANDER 


Inst. Sewage Purif., Part IT, 355-360 (1939) 


This is a discussion of the history of the test and its shortcomings. The authors were 
disturbed by the discrepancies between the B.O.D. test and the methylene blue stability 
test and experimented on filter bed effluents and settled sewages to which nitrites and 
nitrates had been added. From the results cited, the conclusion is reached that the 
methylene blue test holds for filter bed effluents as a stability test, but not for all other 
sewages, as the disappearance of the blue color does not always coincide with the elimi- 
nation of the nitrate and nitrite oxygen. The methylene blue test does not always dif- 
ferentiate between an effluent with a B.O.D. of 20 and one of 50 p.p.m. Hence the 
methylene blue test is of little value in determining the approximate standard of effluent 


purity. 

In the discussion, Wilson held that neither the B.O.D. test or the relative stability 
test was entirely satisfactory. Dr. Hamlin noted that the two tests do not agree. 
Meyling pointed out that sometimes in samples of bad effluent the methylene blue de- 
colorizes rapidly and later the color returns. The presence of nitrite and nitrate delays 
decolorization. Wooldridge and Standfast are quoted as of the opinion that the rela- 
tive stabilitv test is an index of enzyme activity. 


LANGDON PEARSE 
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“in PROGRESS IN THE METHODS OF TREATMENT AND 
ire DISPOSAL OF SEWAGE SLUDGE 


By S. H. JENKINS 


ition 
tory, Inst. Sewage Purif., Part IT, 278-316 (1939) 
' the 

This is a general review of progress in sludge disposal since 1876, with data from 
Peal- the U. S. and Great Britain. The most important methods are sea disposal, land dis- 
rom posal by irrigation, and ploughing in, or trenching; digestion in separate tanks, fol- 
the lowed by sea disposal or drying on beds and dumping, or using dried sludge as fer- 
uses tilizer; filtration of sludge for disposal in the wet state or dried to recover grease or 
ters, for tertilizer, or for destruction of organic matter by incineration. The pounds of dry 


solids per person per annum vary from 45.5 at Elizabeth, N. J., to 230 at Bradford, 
England. Birmingham Main Works is 90.7 pounds. 
At Wolverhampton, England, liquid sludge from 120,000 people is disposed of on 
IC land, by dosing once in three vears, at the rate of about 27 square yards per person. 
Trenching requires from 1.25 to 1.75 square yards per person. In 1910-1912, White- 
head and O’Shaughnessy pointed out the value of mixing crude sludge with a larger 
volume of sludge undergoing alkaline fermentation. 
In open tanks, from 2 to 8 cu. ft. per capita are required for digestion. Stage di- 


ear vestion is often used. Much of the data on heated digestion comes from the U. S. Less 
In- volume is required in heated than in unheated tanks. The practice in heating, charging, 
vas shape of tanks and concentration is noted. Activated sludge is reported to digest 
easily when mixed with crude sludge, with a minimum of 15 per cent of raw sludge by 
er- volume. The digester liquor is usually added to the raw sewage, in not less than 20 
0 a volumes of sewage. Some chemicals, such as chromium, retard decomposition. With 
is wastes from food industries, the sludge should be kept alkaline. The effect of gas liquor 
zer needs further research. Mineral oils may be more resistant than animal grease. 


The practice of gas collection and utilization is growing. The complexities of chem- 
ical and physical changes during sludge digestion under anaerobic decomposition are 
discussed. The composition of sludge gas is largely methane (59 to 77 per cent) and 
carbon dioxide (14.7 to 32.4 per cent), with a B.T.U. from 570 to 742 per cu. ft. Sludge 
pressing in plate presses is still practiced in England. Grease is sometimes recovered. 
Vacuum filters are in the trial stage in England. Palmer’s discovery of the beneficial 
effect of ferrie salts in aiding filtration makes vacuum filters of value. 

Air drying on open air beds is hard to compare for various plants. Well-drained 
beds aid, but evaporation finishes the drying. Covered beds are not used in England. 
Mechanical methods of sludge drying have been neglected in Great Britain. Reference 
is made to the Chicago tests on dewatering and incineration. In Great Britain opinion 


ke varies as to the fertilizer value of sludge. A few works dispose of air-dried sludge, 
ty crude or digested, in some cases with a small return. Only at Barnsley is activated 
id sludge separately treated for fertilizer. Apparently proof of the fertilizer value by a 


recognized authority is required in Great Britain. A bibliography of 70 items is ap- 





- pended. 

oi The discussion brought out the great variation in sludge offered to farmers; the 
f- injury to fertilizer value by lime added to facilitate pressing; the lack of uniformity 
: of method for applying sludge and incorporation in the soil; the decreased use of sludge 
7 because of increased cost of transportation (20 years ago Glasgow loaded 50 wagons 
with a total of 400 tons of cake a day), which makes the use of sludge uneconomical 
d to the farmer. At Glasgow sea disposal at 5d. (10 cents) per ton takes care of 750,000 
: tons per year. Halifax sells 3,000 tons a year at 10s. 6d. per ton at the works ($2.12 
ss per ton at 20 cents per shilling). 

. Lockett states that generally the belief was that volatile sulfides were not produced 


when the water content of the sludge was 95 per cent or lower. However, in heated 
tanks he noted no odor with 2 or 3 per cent of solids. 
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In closing, Jenkins believes that it is sound practice to mix chemical fertilizers with oy. 
ganic fertilizer. Settled or digested sludge is slow acting, in the soil, and has sometimes 
proved disappointing, whereas activated sludge has its nitrogen in a very easily nitrif- 
able form, with its organie nitrogen almost as quick acting as sulfate of ammonia, and 
has been found to be a good fertilizer. Sludge may be composted, with soil and some 
nitrogenous material. Odor control is best attained by the larger amount of seeding 
sludge used. 

At Birmingham, the cost of handling sludge has been reduced from 12.74 d. (25.5 
cents) in 1923 to 9.8 d. (19.6 cents) in 1938 per ton of crude sludge containing 90 per 
cent water. This is the result of digesting over twice as much sludge in 1938, in the 
same plant, with heated digestion and reduced charges for power because of use of 
sludge gas, as well as other systematic economies. 

LANGDON PrArsE 


RIVERS POLLUTION PREVENTION AS A PUBLIC HEALTH 
SERVICE 


By FRANK WRIGLEY 


Inst. Sewage Purif., Part IT, 259-277 (1939) 


This is a general discussion of the control of river pollution in Nottinghamshire, 
England, under a policy of obtaining results by persuasion, assistance, and encourage- 
ment. In the County are 84 sewage works, including one bio-aeration plant unit on a 
portion of tank effluent, of which 56 are in rural districts. There are 147 parishes dis- 
charging some raw sewage and 18 giving partial tank treatment. The predominating 
industry is coal mining. There are 39 mines, of which 26 have coal washing plants, 
varying from 40 to 300 tons per hour. The slurry is of a shaley or clayey nature, and 
may be removed by lagoons, settling tanks, or flocculation and filter plants. In some 
cases settled effluent is treated by small final tanks and filters or filtered through cinder 
barriers or passed into shallow lagoons. Nine collieries have modern clarification plants. 
Water circulation is an essential feature, with removal of slurry, to avoid building up 
high concentration of suspended matter in the circulating svstem. In one ease chem- 
ical flocculation results in a sludge which is dewatered on a rotary filter for incinera- 
tion. If the ash is high, the filter is sometimes omitted. In one plant a rotary filter 
is used, without settling. Boiler water wastes, water softening wastes, and oil, though 
intermittent, should be kept out of streams. Generally this is done by settling, followed 
by some form of straining filter. 

In the County are two beet sugar works. In one, the extraction waters from the 
diffusion batteries and pulp presses are treated in mechanically cleaned tanks and 
filters, with reuse of most of the filtrate. The excess waste goes to the general settling 
ponds. The carrying and washing waters pass through dredgers and screens, and then 
to settling ponds. In the other works, complete separation of the waste waters is pro- 
vided. The extraction wastes are fermented in separate ponds, and settled. The carry- 
ing and washing waters are settled in another set of ponds. The ponds are created 
within earth dikes, and gradually fill up. The efficiency of the ponds decreases as the 
campaign progresses. 

There are 9 gas works, of which 6 are connected to the sewers and 2 dispose of waste 
liquors on land. One was replaced by bought gas. 

In the discussion, spillage of oil from oil vessels on the river was noted. In some 
cases the recovery of slack or powdered coal may pay for the cost of recovery. 

Dr. Parker pointed out that the reuse of water in the beet sugar industry did not 
decrease the refined sugar and did increase the molasses. He recommended rapid, rough 
sedimentation, so the waste water does not stand and become acid. Otherwise it may prove 


corrosive. 


LANGDON PEARSE 
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UTILIZATION OF LIGNIN 


By EDWIN C. JAHN 


Ind. and Eng. Chemistry, News Edition, 18, 993 (Nov., 1940) 


Disposal of lignin is the world’s greatest industrial waste and stream pollution 
problem. In the United States alone 12,000,000 gallons of lignin solution must be dis- 
posed of daily. Logging, sawmilling and wood working industries add another 15,000,- 
000 tons of lignin annually in the form of sawdust, shavings and wood wastes. Straw, 
corn cobs, grain hulls and other wastes of the agricultural industry contain 15 to 20 per 
cent of lignin and must be added to the total lignin waste whose disposal taxes the 
ingenuity of technical researchers. 

Lignin wastes are derived from the soda and sulfate process or from the sulfite 
process of paper pulping. In the former process a large portion of the lignin is burned 
in the recovery of soda at the mills. The sulfite process is the most important chemical 
pulping process. Nearly all the lignin in the form of lignin sulfonie acids is contained 
in the liquid waste liquors. Practically all of this is sewered and accounts for 1,000,000 
tons of lignin lost to the streams annually in the United States. 

Attempts at salvaging this waste for useful purposes have not been too encouraging. 
Some progress has been made in the use of lignin waste as a road binder, manufacture of 
vanillin and in plastics. Most progress has been made in developments to overcome pollu- 
tion of streams. The Howard process is particularly noteworthy. In this process 
calcium sulfite and basie calcium lignosulfonie acid are recovered and the primary 
organic residue is burned for power production. 

To date, use has been found for only a very small proportion of the waste produced. 

Another interesting article on “Utilization of Lignin Wastes” is reported in Ind. 
and Eng. Chemistry, 32, 1049 (Aug., 1940). 

EK. Hurwitz 


DISPOSAL OF WASTE LIQUORS FROM CHROMIUM PLATING 
By C. R. Hoover anp J. W. MASSELLI 
Ind. and Eng. Chemistry, 33, 131 (Jan., 1941) 

The discharge of wastes from chromium plating operations into sewers and streams 
has created a pollution problem in the stream and operation problems in biological sewage 
treatment works. 

Analyses of the effluents from three metal finishing plants show: 


Plant 1 Plant 2 Plant 3 


Parts Per Million 


pH 2.7 6.2 3.0 
Total Cr . , 4.1 18.1 ST 
CrVT. , 3.5 16.6 76 
Ca. —— eel 2.0 32 
Ni... ; ee 0.1 0.14 2 
Zn Peiasebuetnue 6.8 2.1 0 
Fe watts 2:3 3.1 2.0 
SO, 215. 65. 271. 
CN. el 0.8 LZ: 


Studies of methods to prevent the harmful effect of these wastes on streams and 
treatment plants and incidentally to recover valuable metal led to (1) a study in the 
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plant of means to reduce the quantity of these wastes and (2) chemical means of 


removing the metal from solutions. 

It was found feasible in some plants to segregate the chromium plating solutions 
thus providing a more concentrated solution with which to work. The range in eom- 
position of the segregated waste showed : 


Total Cr. S7-643 p.p.m. 
GLa esis 2a TOSOD 
Cu. : ee . .0.2-34 
Ni. ,.eeeees Drace—6.4 
Fe. .0-80 
SO,. .84.769 
CN . .. .0-22.4 
Mineral acid . 99-634 


After extended tests in the laboratory four methods were selected for more detailed 
study on a semi-plant scale: 


1. Reduction of Chromic Solutions with Sodium Sulfide and Addition of Copperas to 
Remove Excess Sulfide Ion and to Clear the Solution—Hydrous chromium oxide js 
formed. In concentrations greater than 150 p.p.m. hexavalent Cr the addition of a 
small amount of a strong oxidizing agent is necessary to clear the solution. The pvre- 
cipitate settles slowly, is difficult to filter on vacuum filters and dries slowly on sand beds. 

2. Reducation of Chromic Solutions with Barium Chloride Followed by Addition 
of Lime and Ferrous Sulfate-—The barium sulfate is added hot (60-65° C) in 30 pe 
cent solution. The precipitate obtained settles rapidly and dewaters readily. 

3. Reduction with Scrap Tron——Complete reduction of chromie solutions were ob- 
tained in 4 hours when acidified with 3-4 pounds sulfuric acid per 1000 gallons of waste. 
This process can be made continuous if 6 hours detention period are allowed in the 
reaction tower. After treatment with iron the effluent is treated with lime and the pre- 
cipitated trivalent chromium is collected along with ferrous and ferrie iron. The mixed 
precipitate settles well and can be dried best on sand beds. Copper is deposited on the 
scrap iron and can be recovered. 


4. Reduction with Sulfur Dioxide —The waste is treated with sulfur dioxide. After ‘ 


reduction is complete, excess SO, and CN are removed with air and the trivalent chro- 
mium precipitated with lime. This process can be manipulated so that a saleable 
chromium trioxide can be recovered. 

The costs of treatment by the four methods are given in the following table: 


| 
Secondary Reagents 


. Sludge, Cost per L000 
Reagent oe re = = Per Cent of Gal. Treated, 
ona ni | Total Volume Cents 
HosOg Copperas CaO | 
Nas 3 is 3 10 | 50 
ae ° 1-3 1 6 oA 
Serap iron. BY 3-4 6 9 40 
ea 5 7 ll | 12 


EK. Hurwitz 


PREPARATION OF NESSLER’S REAGENT 
By A. P. VANSELOW 


Ind. and Eng. Chemistry, Anal. Edition, 12, 516 (Sept., 1940) 


Phase rule consideration of the three component system potassium iodide-mercuric 
iodide-water and studies to determine the influence of the concentration of potassium 
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iodide and potassium hydroxide in preventing the formation of the red precipitate that 
develops when some Nessler’s solutions are diluted led to the following recommendation 
for the preparation of an entirely satisfactory Nessler solution. 


1. Dissolve 45.5 gms. of mercuric iodide and 34.9 grams of potassium iodide in as 
little water as needed. 
2, Add 112 gms. of potassium hydroxide (140 ee. of a solution sp. g. 15°/40 
1.538). 
3. Dilute to one liter. 


Use 5 ml. of this solution with each 100 ml. final volume and eompare with standards 
30 minutes after mixing. 
Kk. Hurwirz 


DETERMINATION OF BIOCHEMICAL OXYGEN DEMAND 
COMPARATIVE STUDY OF AZIDE AND RIDEAL- 
STEWART MODIFICATIONS OF WINKLER 
METHOD 


By O. R. Phacak AND C, C. RUCHHOFT 


Tnd. and Eng. Chemistry, Anal. Hdition, 18, 12 (Jan., 1941) 


Comparison of the azide and Rideal-Stewart modification of the Winkler method 
for dissolved oxygen determination are equally satisfactory for the determination of 
B.O.D. 

An average of the B.O.D. of 1936 samples taken at various sampling stations on 
the Ohio River showed an average deviation of 0.06 p.p.m. in the 5-day B.O.D. The 
minimum deviation was 0.01 and the maximum 0.45 p.p.m. 

Samples from the Scioto River, a small stream which carries a greater pollutional 
load than the Ohio gave an average deviation of 0.10. Nitrites are always found in 
the Scioto River varying from a few hundredths to several p.p.m. 

Comparison of the Alsterberg procedure with preliminary acid azide treatment in- 
dicated that from the standpoint of reliability there is no choice between the procedures. 
For routine work where no unusual conditions might arise, the Alsterberg procedure is 
recommended since it has the advantage of shortened time and ease of manipulation. 
The preliminary acid azide treatment has greater flexibility and is recommended for 
use in any ease when the period of alkalinization must be shortened. 

Preliminary treatment with acid and azide is advantageous in preventing oxidation 
when the determination of D.O. must be delayed as in shipping. In this use it is 
superior to complete Winkler treatment through the final acidification. 

EK. Hurwitz 


B.0O.D. REMOVAL FROM WASTE SULFITE LIQUOR-SEWAGE 
MIXTURES BY ACTIVATED SLUDGE 


By G. N. SAWYER 


Ind. and Eng. Chemistry, 33, 411 (March, 1941) 


Studies on the rate of B.O.D. removal from mixtures of sewage containing 2 to 20 
per cent sulfite liquor showed evidence of some limiting factor in concentrations from 
8 per cent up. Since sewage was added primarily to furnish the phosphorus, nitrogen, 
ete., necessary for normal biological metabolism, it was considered possible that the 
capacity of sewage to furnish these substance had been overstepped and that an in- 
sufficient supply of these minerals affected the rate of stabilization. 

Kxperiments were designed to prove this assumption by feeding nitrogen and 
phosphorus to sulfite waste-sewage mixtures. These tests showed that in a mixture 
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containing 10 per cent sulfite waste the B.O.D. removed atter 6 hours’ aeration with 
added nitrogen corresponded to an amount removed by 15 hours’ aeration from the 
unsupplemented mixtures. Phosphorus alone as a supplement appeared to have a little 
effect. The combination of nitrogen and phosphorus gave somewhat more rapid [3.0.)), 
removal than nitrogen alone. 

In mixtures supplemented with nitrogen only the ratio of the B.O.D. removed to 
nitrogen utilized was approximately 11 to 1. In mixtures supplemented with both 
nitrogen and phosphorus the B.O.D. removed per unit of nitrogen was 14 units. 

Treatment by supplementing sewage-sulfite waste mixtures with nitrogen and 
phosphorus would add a cost of approximately $2.65 per ton of pulp. In a so highly 
competitive industry such an outlay would be untenable. However, the suggestion is 
advanced that part of this outlay can be recovered through lower capital costs since the 
installations can be smaller; through sale of sludge as a fertilizer (24 tons of fertilizer 
would be produced per 100 tons of pulp); and through recovery of gas for heat and 
power production. 


EK. Hurwitz 


FLOW OF MUDS, SLUDGES AND SUSPENSIONS 
IN CIRCULAR PIPE 


By D. H. CALDWELL AND H. E. BaBsirr 


Ind. and Eng. Chemistry, 33, 249 (Feb., 1941) 


A theoretical analysis of the flow of sludge through cireular pipes led to the con- 
clusion that two distinct types of flow oeeur depending on the velocity of flow. These 
types have been termed “ plastic flow” and “turbulent flow.” The velocity at which 
plastie flow changes to turbulent flow is called the “ critical velocity.” 

Equations have been developed and verified experimentally for determining friction 
loss for plastie flow and for turbulent flow in cireular pipes. 

For plastic flow the equation is given as: 


H T nV 
-= 32 d pe 
L ' 6pD . gpD* | : 


where H] = difference in static head between two points in a pipe. 
L = length of pipe in feet. 
\’ = mean velocity of flow in pipe, ft./sec. 
D = diameter of pipe, ft. 
= shearing stress at yield point of plastic material, called “ yield value,” 
lb./sq.ft. 
n = coefficient of rigidity, lb./sq.ft. 
p = density of flowing substance, lb./cu.ft. 
g = acceleration due to gravity, ft./sec./sec. 


Results of tests show that the friction factor—Reynolds number chart may be used 
for determining friction losses for turbulent flow if the viscosity of the dispersion 
medium is used in determining the Reynolds number in place of the viscosity of a true 
liquid. 

The equation for the critical velocity is given for the lower critical velocity as: 


» , D’rypg 
a 10007 + me r+ Fm 
ry Dp 
and for the upper critical velocity as: 
1500 + 1500 Vr 4 ee 
4500 


Vue = 


Dp 
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vith where _ . — 
the Vie = lower critical velocity, ft./sec. (te = 2000), 
ittle Vue = upper critical velocity, ft./sec. (Re = 3000). 
).]), 
Other symbols as given avdove. 
| to K. Hurwitz 
oth >; 
and COLORIMETRIC METHOD FOR DETERMINATION OF NITRITE 
" By Martua B. SHINN 
the Ind. and Eng. Chemistry, Anal. Edition, 18, 33 (Jan., 1941) 
izer 
and The method employs sulfanilamide in place of sulfanilie acid and N-(1-naphthyl)- 
ethylene diamine dihydrochloride in place of alpha naphthylamine. Finally inasmuch 
as sulfanilamide and nitrite react stoichiometrically in the presence of a suitable excess 
of either, sulfanilamide is recommended for the primary nitrite standards. 
The method as proposed follows: 
Reagents— 
1. Sulfanilamide; 0.2 per cent solution in water. (Keep in refrigerator. ) 
2. Hydrochlorie acid; 1 to 1 dilution of cone. HCI. 
3. Sodium nitrite; 0.1 per cent solution. (Keep in refrigerator.) 
ii 1, Ammonium sulfamate; 0.5 per cent solution in water. 
fa 5, N-(1-naphthyl)-ethylenediamine dihydrochloride; 0.1 per cent solution in’ water. 
ich Standardization of Sulfanilamide Solution— 
ion (1) Dry sodium nitrite (analytical reagent) for 24 hours in a desiccator. Make up 


a solution of one gram in 100 ¢.e. of water in a volumetric flask and assay by titration with 
potassium permanganate. 

(2) From this solution of sodium nitrite prepare accurately a solution containing 
0.005 mg. nitrite per ¢.e. Transfer to each of two 50 ¢.c. volumetric flasks, 5 ¢.c. of this 
solution, add one e.e. of 1:1 HCl and 5 ee. of 0.2 per cent sulfanilamide solution. After 
three minutes add 1 ¢.¢. of ammonium sulfamate solution and then two minutes later 
1 cc. of the ethylene diamine dihydrochloride solution and dilute to volume. 

(3) Into two other 50 ¢.c. volumetric flasks measure 5 ¢.c. of a 1:100 dilution of 
the 0.2 per cent sulfanilamide solution. Add one ¢.c. of 1:1 HCl, one e.e. of 0.1 per cent 
.) sodium nitrite and 5 ¢.e. of water. Allow to stand 3 minutes, add one ¢.e. of ammonium 
sulfate solution and allow to stand 3 minutes longer. Add one e.c. of the ethylenediamine 
dihydrochloride and dilute to volume. 

Solution 2 and 3 are read against each other in a colorimeter. With a Duboseq 
colorimeter the nitrite equivalent of the sulfanilamide solution is: 


> : ‘ 
ed teading of (2) Ae 

ee OX mg. NOs in (2) X 2 
on Reading of (3) —— Sa ac 


ue =mg. NO» in one c.e. of 0.2 per cent sulfanilamide solution. 
Procedure for determining nitrites: 


(1) Samples should be either acid or neutral. 

(2) To a sample containing between 0.0025 mg. and 0.05 mg. nitrite add one e.e. 
of 1:1 HCl. and 5 e@.e. of 0.2 per cent sulfanilamide solution and let stand 3 minutes. 

(3) Add one ¢.c. of ammonium sulfamate and allow to stand 2 minutes. 

(4) Add one c¢.c. of ethylenediamine dihydrochloride and dilute to volume. 

(5) Prepare a nitrite standard as outlined in (2) under standardization of  sul- 
fanilamide solution. 
(6) Read the unknown against the standard and compute the nitrite present by the 
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equation 


Reading of Standard |) mg. NO» in 1 ¢.c. of 0.2% Sulfanilamide 


= Mg- NO, in s imple, 


Reading of Unknown * 20 


The nitrite value of the sulfanilamide has been found to remain constant for at least 
a month. About 20 mg. per mg. of nitrite are required for complete recovery ot nitrite. 
Excess up to 2000 mg. per mg. of nitrite gives no interference. 

Ammonium sulfamate is used to remove the residual nitrite before addition of the 
N-(1-Naphthyl) ethylenediamine dihydrochloride. 

The method, similar to the sulfanilie acid-alpha naphthylamine method, depends on 
the diazotization of the sulfanilamide followed by coupling of the diazotized sulfanilamide 
with H-(1-Naphthyl) ethylenediamine dihydrochloride. 

The method has an advantage in that the reagents are water soluble; the time for 
color development is reduced to two minutes; the final color remains constant for several 
hours. The sulfanilamide is less sensitive to changes in pH aeting equally well in con- 
centrations of acid from 0.1 to 1.0 normal. 

K. Hurwitz 


ACETONE-BUTYL ALCOHOL FERMENTATION OF WASTE 
SULFITE LIQUOR 


By AVERILL J. WiLEY, MARVIN J. JOHNSON, ELIZABETH McCoy AND W. H. PETERSON 


Ind. and Eng. Che mistry, 33, 606 (May, 1941) 


Utilization of the sugars present in waste sulfite liquors for the production of ace- 
tone and butyl alcohol shows promise of value in reducing the B.O.D. load on streams 
into which the sulfite waste liquor is discharged. 

A strain of clostridium butylicum was found to give the highest yields after treat- 
ment of the waste to remove sulfur-dioxide, lignin and calcium. Approximately 75 per 
cent of the sugar was recovered as a mixture containing 75 parts butyl aleohol, 20 parts 
acetone and 5 parts ethyl aleohol. The B.O.D. of the waste sulfite liquor was reduced 
from 28,150 p.p.m. to 5,425 p.p.m. Treatment of the waste to remove the sulfite and 
lignin complexes brought the B.O.D. down to 46.4 per cent of the original. Fermenta- 
tion of the sugars removed an additional 34.3 per cent of the original B.O.D. The over- 
all reduction by this process was 81.7 per cent. 

E. Hurwitz 


NEW SEWAGE TREATMENT PLANT AT ANDERSON, INDIANA 


By B. A. PooLe 


Civil Engineering, 11, 275 (May, 1941) 


The city of Anderson, Indiana, is located on one of the state’s most important 
streams. Although used extensively for recreational and agricultural purposes, its chief 
use is as a source of water supply for the cities of Muncie, Anderson, and Indianapolis, 
with their estimated 1940 combined population of 484,505. In addition to earrying the 
domestic sewage of its tributary population, it has been used extensively as a means of 
disposal of industrial wastes, chiefly of an organic nature. Recently, the completion of 
a number of sewage treatment plants has almost completed the cleaning up of the West 
Fork of the White River above Indianapolis. Progress has also been made in the treat- 
ment of industrial wastes, although minor problems of this nature still exist. 

The sewage treatment plant employs the bio-chemical or Guggenheim process. The 
flow sheet includes comminutors and a detritor preceding the main sewage pump. These 
are followed by primary clarifiers, aeration tanks, and final clarifiers. Sludge is thick- 
The plant 


ened, then given partial digestion before vacuum filtration and incineration. 
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has been designed for an average flow of Someug.d. and a maximum flow of P20 nig.d. 


Chlorinated copperas is added to the sewage after primary sedimentation to the extent 
of approximately 4.5 p.pan. as iron, An aeration period of 1.95 hours is provided with 
15 per cent returned sludge, and approximately 0.63 cu. ft. of air per gallon of sewage. 
Consideration had been given in former years to the use of the activated sludge or 
trickling filter processes. However, industrial wastes from a vegetable packing plant, 
u meat packing plant, a clay tile works, a small steel mill, and a lamp manufacturing 
plant made the situation somewhat difficult to be treated by ordinary biological processes. 
Iron content in the raw sewage averaged 12 p.p.m. and chromates also presented a 
problem as they varied from 0 to 50 p.p.m. on 24-hour composites. This bio-chemical 
process has given reductions in B.O.D. averaging approximately 85 per cent on a raw 
sewage with a B.O.D. of 150 p.p.m., and a reduction of suspended solids of approxi- 
mately 85 per cent on the basis of a raw sewage with a suspended solids content of 
approximately 300 p.p.m. Detailed data are presented by the author to show operating 
characteristics of the plant. Detailed analyses of the cost of treatment per million gal- 
lons of sewage are also presented. Over a period of nine months, these average $10 for 
salaries and labor, $8 for power, including cost of pumping sewage, $1.75 for chemicals 
for the treatment of the sewage and $3.80 for chemicals for sludge conditioning, $3.00 
for fuel oil in sludge incineration, or a total of approximately $26 per million gallons. 
Rour ELIAssen 


SEWAGE TREATMENT FOR ARMY CAMPS 


Enginecring News-Record, 126, 479 (March 27, 1941) 


In order to provide for adequate sewage treatment at the multitude of army camps 
being constructed throughout the country, the consulting firms of Metcalf and Eddy 
and Greeley and Hansen were retained by the War Department. They were authorized 
io “advise and report as to the simplest sewage treatment plant at each project suit- 
able and adequate to meet the minimum requirements under local conditions.” Very 
little information regarding the characteristics of sewage and sewage flow from army 
cups was available. Most of the sewage would be discharged during 16 hours of the 
day and required the establishment of liberal detention periods based on the 24-hour 
average flow. The per capita quantity of suspended solids is a good deal higher than 
is normally found in domestic sewage. This may be accounted for by the adult and 
male character of the personnel and by the relatively large amount of grease. The per 
capita quantity of B.O.D. is about the same as that in average domestic sewage but is 
somewhat higher than often found in residential sewage. The per capita quantity of 
grease is two to three times that normally found in domestic sewage. In general, the 
sewage will be very fresh and should have good settling characteristics and be readily 
amenable to treatment by biological processes. 

The following bases of design for sewage treatment plants were adopted by the con 
sulting engineers: 


1. Quantities: Average 70 gal. per capita per day; maximum (for several hours) 
140 e.e.d.; peak 210 g.e.d. 

2. Sewage Characteristics: Suspended solids, 460 p.p.m.; B.O.D. 290 p.p.m.; other 
soluble material, 150 p.p.m. There will be 0.37 Ib. suspended solids and 0.17 Ib. B.O.D. 
per capita per 24 hours. 

3. Measuring Devices: Parshall flume, rectangular flume, Palmer-Bowlus or Venturi 
meter, 

1. Grit Chambers: Omit, except in special circumstances. Tf used, they should be 
hand cleaned, with disposal by burying. 

5. Bar Sereens: Hand cleaned or mechanically cleaned as local conditions indicate. 
Screenings to be disposed of by burial or by burning in a suitable incinerator. Com 
minutors or screenings grinders to be employed under some circumstances such as prox 
imity of plant to occupied buildings. Clear space of bar screens, 1 to 11% in. 
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6. Primary Sedimentation Tanks: Displacement period based on average flow, 
Sedimentation only or ahead of trickling filters 3.0 hr.; in case of high dilution of settled 
sewage 2.5 hr. may be used. Ahead of activated sludge use 1.5 hr. based on average flow, 
Ahead of biofilters, based on average flow, use 7.5 hr. for a dilution ratio of 1:1.5 
(single stage filtration) and use 6 hr. for a dilution ratio of 1:1 (two-stage filters), 

7. Trickling Filters: (a) Standard, or low-rate, trickling filters in southern locations 
with no severe winter—not to exceed 5,000 population per acre-foot. With filters 6 {t. 
deep, this 1s 2.1 m.g.a.d. average at 70 g.e.d. In northern climates loadings should not ex 
ceed 4,000 population per acre-foot. (b) High-rate trickling filters to have loads not 
in excess of some 3,000 pounds of B.O.D. applied per acre-foot, for camps in the south, 
This is equivalent to a population of 85,000 per acre-foot. In northern camps the load 
ing should not exceed 50,000 per acre-foot. 

$8. Final Sedimentation Tanks: Flow not to exceed 800 gal. per sq. ft. per 24 he. 
und not less than 2.25 hr. displacement, both based on the average flow, except when 
following two-stage biofilters with recirculation ratio of 1:1 from the secondary tank 
effluent to the influent of the second-stage filter, in which case the capacity of the see 
ondary tanks should be doubled. Depth 10 to 12 ft. with some reduction, or increase, in 
the depth in special cases. 

9. Sludge Digestion Tanks: For plants of the trickling filter type for primary and 
secondary sedimentation and with heated sludge tanks use 2.0 to 3.0 eu. ft. per capita. 
For unheated sludge tanks in warm climates, add 25 to 50 per cent to the foregoing, 
using the larger capacities in locations close to occupied buildings. For plants ot the 
activated sludge type, increase the foregoing allowances by 50 per cent. 

10. Sludge Drying Beds: In warm climates and where the location permits, drying 
sludge in lagoons without underdrains or filter material is acceptable with 2.0 to 3.0. sq. 
ft. per capita. Sludge drying beds with underdrains and filter material are also ac- 
ceptable. For plants of the trickling filter type the area provided should be 0.5 to 1.0 
sq. ft. per capita, and for plants of the activated sludge type this allowance should he 
increased to 1.0 to 1.5 sq. ft. per capita. The lower unit in each case applies to the most 
favorable conditions with opportunity for lagooning any excess sludge. 

11. Imhoff Tanks: Sedimentation compartment same as primary sedimentation 
tanks and digestion compartment same as for unheated separate sludge digestion tanks. 
In northern climates use for the sludge compartment of Imhoff tanks: With plain sedi 
mentation, 2.0-2.5 cu. ft. per capita, and with plain sedimentation and trickling filters, 
3.0-3.5 cu. ft. per capita. 

The article includes a table showing the design flow and type of treatment used for 
38 installations on some of the larger defense projects. This table shows that of the 
38 plants, 20 use some form of trickling filters, either high- or low-rate; 11 use primary 
treatment; 4 use activated sludge; 2 have connections to city sewer systems; and 1 uses 
slow sand filters. 

Roue ELIAsseNn 


INTERSTATE SANITATION COMMISSION ANNUAL REPORT—1940 


Report to the Governors of the States of New York and New Jersey by the 
Commissioners of the Interstate Sanitation Commission— 
January 15, 1941. 


(103 pp.) 


The policy of the Interstate Sanitation Commission has been to persuade munici 
palities to take more positive action and to assist and prepare financial plans for the 
accomplishment of work for the abatement of pollution in New York Harbor and the 
adjacent waters. The report outlines the activities of the Commission and shows pic- 
tures of sources of pollution. The major portion of the report presents data on sew- 
erage and sewage treatment systems in the Interstate Sanitation district, including 
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populations served, dates of construction, types of treatment, and other pertinent. in- 
formation. Operating data on a number of plants are also included. Progress from 
new construction is carefully analyzed. 

Of particular: interest to engineers engaged in sewage treatment is the summary 
of the results of the research work carried on by Mr. Manning as a cooperative venture 
hetween the Interstate Sanitation Commission and the Sanitary Engineering Research 
Laboratory of New York University. This research covered four investigations: 7, the 
suitability of a simpler method of making analyses for dissolved oxygen in salt water; 
» the suitability of a more convenient means of collecting samples for dissolved oxygen 
analysis; 3, the suitability of a more convenient incubation schedule for the bio-chemical 
oxygen demand analysis of sewage; and /, investigations concerning coliform determi- 
nitions in an attempt to develop more economical methods of analysis and of preserving 
and transporting samples. 

For the determination of dissolved oxygen in sea water, the Commission used the 
Rideal-Stewart modification of the Winkler method. This method has two major ob- 
jections, namely, that six reagents are required prior to titration, and two of these 
reagents require periods of contact that are time consuming. The sodium azide modifi- 
cation of the Winkler method, as emploved by the Sanitary District of Chicago, is 
applicable for the determination of dissolved oxygen in fresh water, Experiments were 
carried out to determine the applicability of this method to salt water in the concentra- 
tions found in and around New York Harbor. Results indicated that this latter method 
Was suitable and has now been adopted as it saves considerable time, requiring less skill- 
ful analytical technique and the use of only three reagents prior to titration. 

The customary means of collecting D.O. samples is to fill a bottle with water col- 
lected from the depth desired, admitting no water into the bottle until this depth has 
heen reached. The apparatus required for this method of sampling is quite cumber- 
some, and when samples are taken from a boat, it requires that the boat be stopped. 
An investigation was made to determine if samples should be taken by means of a hand- 
operated rotary pump. The bottom of the suction hose was weighted and sufficient hose 
provided to carry it to the depth where the sample was desired. Parallel runs were 
made using both methods and indicated that comparable results could be obtained. The 
sampling method by means of rotary pump was adopted because the suction hose could 
remain overboard at the desired depth while the boat was under way and the stopping 
of the boat was not necessary. 

The ordinary B.O.D. test requires 5 days incubation at a temperature of 20° C. 
This procedure made it necessary for samples taken on Tuesday and Wednesday to be 
analyzed on Saturday and Sunday. On account of limited personnel, it was difficult 
to arrange schedules accordingly and an attempt was made to use the 7-day B.O.D. test 
as the standard of operation. The experimental work proved that this would be satis- 
factory and that correlation could be made between 5- and 7-day B.O.D. tests. The 
7-day value could be interpreted to the 5-day B.O.D. in order that results might be in 
accord with standard procedure. This enabled the laboratory to be conducted more effi- 
cently and economically. 

The Interstate Sanitation Commission makes many analyses for coliform organisms 
in the waters around New York each year. <A large number of presumptive, positive 
tubes of inoculations in lactose broth failed to be confirmed in brilliant green bile. The 
Commission was particularly interested in the results of the confirmed tests and not gas 
formers as a whole. Investigations were made on the direct inoculation of samples in 
brilliant green bile, using a 48-hour incubation. This eliminated the use of lactose 
broth. 4,800 inoculations were made in lactose and an equal number were made in 
brilliant green bile as a primary medium. 1,167 tubes planted in lactose as primary 
mediums for positive confirmed in brilliant green bile, while 1,137 planted in brilliant 
green bile as primary medium were positive. The final results varied by only 30. posi- 
tive, or less than 1 per cent difference in results. The investigations carried on justified 
the use of brilliant green bile as a primary medium for sewage analysis. This method 
reduces the number of tubes handled by about 25 per cent and results in a considerable 
saving in time and material. 











844 SEWAGE WORKS JOURNAL July, 1941 


experiments were conducted on the means of transportation of samples for coliform 
analysis. There are four general methods of making the analysis on samples taken af 
a point distant from the laboratory. These are: 7, culture tubes inoculated at the 
sewage treatment plant; 2, bottled samples returned to the laboratory: for inoculation by 
transporting without preservatives or refrigeration; 3, bottled samples dechlorinated 
and transported to the laboratory; /, bottled samples dechlorinated and transported to the 
laboratory in a refrigerator. The first method requires that the man planting the samples 
has the ability to inoculate the culture tube properly while the fourth method requires 
considerable equipment and is quite cumbersome to carry out. The experiment showed 
that the results using the first and fourth methods were practically the same and either 
one would be satisfactory for the Commission. The second method gave a lower count 
as the residual chlorine present in the bottled sample disinfected the sewage and gave a 
lower count. The third method gave a somewhat higher count, because the sanples 
taken in the morning were kept warm and by the time they reached the laboratory in 
the evening, the number of coliform organisms had inereased considerably. Since the 
Commission had an experienced man taking samples, they continued to use the method 
of inoculating the culture tubes at the sewage treatment plant. 

To facilitate calculations made in connection with taking samples in waters under 
their jurisdiction, the Interstate Sanitation Commission prepared two charts which 
would be of general use and interest to engineers engaged in pollution studies in the 
vicinity of salt water. The first chart enables the observer to record the specific gravity 
by means of a hydrometer and the temperature in degrees Centigrade and from the table 
to obtain the per cent sea water in the sample being analyzed. This is particularly 
valuable where fresh water rivers empty into harbors or estuaries. The other chart was 
drawn for the purpose of obtaining the maximum solubility of oxygen at various tem- 
peratures and in various specific gravities of sea water. This was necessary to obtain 
the per cent saturation of oxygen in the waters of the District. 

Ror ELiassen 


GREASE FROM SEWAGE HELPS GREAT BRITAIN 
By H. WontTNER-SMITH 


Engineering News-Record, 126, 411 (Mareh 13, 1941) 


The City of Bradford, England, is the center of the wool washing industry of the 
world. One-fifth of the wool of the whole world, and four-fifths of the wool grown and 
imported into England is washed and dealt with by this municipality. The wool-grease 
is present in globules in the water, some in emulsified form with large quantities of soap 
and alkali used in the scouring of the wool. Some years ago, the Esholt sewage treat- 
ment works was built at a cost of $13,800,000 to care for the sewage of this community. 
The flow sheet of the plant involves grit chambers, primary sedimentation tanks, second- 
ary sedimentation tanks, followed by trickling filters 6 ft. deep filled with coal ranging 
in size from 34 to 114, in. 

Into the sewage entering the primary sedimentation tank is added sulfurie acid to 
produce an acidity of 100 p.p.m. The object is to crack the soap in the sewage and 
precipitate dissolved organic matter, together with the wool waxes and suspended matter. 
The resulting sludge has a moisture content of from 80 to 83 per cent. It is mixed with 
gritty sludge from the grit chambers. Then it is passed to 7-ton vats where it is heated 
by means of steam coils to about 170° F., at which point it tends to froth. The sludge is 
then filtered in a battery of filter presses, with super-heated steam added to keep up the 
temperature. Liquid grease and water are discharged in the process. The usual practice 
is to press the sludge for 64 hours. In that time the grease content of the filter cake 
is reduced to about 15 per cent of the dry solids, as compared with 40 per cent in the 
original sludge. The moisture content of the resulting eake is about 26 per cent. After 
the grease is treated for the removal of impurities, it is barreled. Supernatant Jiquors 
resulting from purifying the grease and also the liquors passing from the presses, after 


separation of the grease, are returned to the sedimentation tanks. The press cake Js 
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dumped on a drying area in the open where it remains for about 12 months to mature. 
Then the material is passed through a disintegrator which grinds the dried cake into a 
fine powder and the product finds a ready market for fertilizing purposes. 

Considerable research has been undertaken to develop by-products and methods for 
the production of clarified greases of a better quality than those ordinarily obtained from 
the sewage. For some time it was not possible to sell the greases at a good price and 
the city had been storing them. With the advent of war, the city found itself in possession 
of probably the largest stocks of native grease in England. The demand for this grease 
is such that, while sending out an average of 500 tons per week, the works are more than 
one month behind delivery. The biggest demand is for the new and clarified greases. In 
the last financial years (ending Mareh 31, 1940), grease sales exceeded $400,000. For the 
present year, an amount several times this figure will probably be realized. 

\nother product of the treatment process is organic manure which contains the 
valuable organie nitrogen content of the fine wool fiber. Approximately 30,000 tons are 
available every year and are distributed largely for the dressing of grasslands, for which 
purpose it gives excellent results. It is sold to golf elubs throughout England at a 
delivery price of $7.50 per ton. Publie schools, athletic fields, and farmers use con 
siderable quantities, and compounders of manures exert a steady demand for this product. 
Digestion of the sludge is not practiced beeause it would injure the grease and manure 
values of the dried sludge. 

It is generally considered that the City of Bradford is the largest user of sulfuric 


acid in one individual plant in’ England. Approximately 20,000 tons per year are 
necessary. At the sewage plant there is a sulfurie acid manufacturing plant capable of 


providing for 9,000 tons annually. The government has requested the eity to double 
this capacity in order that they can manufacture the acid they need without making 
demands on the heavy chemical industries. 

The author ends with a note of optimism as he states “and it can be said with 
confidence, now that all surrounding townships, with similar trades, have agreed to join 
the central works, this part of the world, at any rate, will be a better place in whieh to 
Wve 
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PROCEEDINGS OF THE TWENTY-SECOND TEXAS WATER 
WORKS AND SEWAGE SHORT SCHOOL 


February 19-23, 1940 


Irriving at Actual and Bapected Sanitary Sewage Flows. By R. U. Andrews, pp. 
W-99. At Fort Worth, Texas, the average hourly flow is taken as 85 gallons per capita 


per day. The maximum peak flow is then computed by 


w=[i+(;s.) 


Where Wis the maximum peak flow in gallons per hour and p is the population in thou 


85 


24 





sunds. An example of an aetnal design is given. 

The answer to infiltration is the control of a number of factors such as old house 
connections and unused wyes in the sewer lines. Others include house conneetions poorly 
located and poorly laid and gravel sub-drainage under and around basements. 

The Design of Storm Sewers. By William E. White, pp. 99-101. The design of 
a storm sewer system involves application of the principles of hydrology, hydraulies and 
structural design. The rational method of estimating runoff is used at Houston, Texas. 
The intensity of rainfall is determined from a statistical study of rainfall records. The 
intensity-duration curve is usually based on the 20 per cent or 10 per cent storm. The 
value of C is determined from the empirical equation C = 0.175t'/*. The eomputed value 
of C is then adjusted according to the estimated imperviousness. 

Nearly all of the Houston sewers are of concrete. An “7” value of 0.013 is used 
te compute capacities. Grades are established to provide a minimum velocity of 8 
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feet/sec. for a filled section. Velocities greater than 12 to 15 feet per second have caused 
no damage. 

Soil conditions found by borings, conditions at the time of construction, and depth 
of cover over the sewer determine whether plain or reinforced conerete is used in sewer 
construetion. Loads are determined from data given by Marston and Anderson, Bulletin 
96, Towa Engineering Experiment Station, Ames, Towa. 

Discussion on Design of Storm Sewers. By W. O. Jones, pp. 101-103. Methods of 
design used at Ft. Worth, Texas, are discussed. Common errors in hydraulic design are 
listed as (1) To underestimate the amount of rainfall reaching the sewers, (2) To over 
estimate the sewer capacity, (3) Failure to plan for extensions, (4) Omitting a part of 
the drainage area. 

Street inlets should be located to intercept the water before it reaches pedestrian ross 
walks. The grate type inlet has been found unsatisfactory. 

Aims in Sewage Treatment. By E. J. M. Berg. The author discusses the various 
methods available for the disposal of screenings, sludge and liquid wastes. The paper is 
coneluded by a discussion of the natural purification power of streams and its relation to 
sewage treatment. 

Characteristics of Sewage. By W.S. Mahlie, pp. 107-109. A general discussion. 

Operation Methods of Sewage Treatment Trickling Filters. By H. D. MeAfee, 
pp. 110-111. Trickling filters are described and biological oxidation is discussed. 

Manholes, Cleanouts and Flushtanks. By R. R. Cooke, pp. 111-113. Manhole 
openings should be about 22 in. in diameter increasing to about 4 ft. at the sewer. In 
Dallas, Texas, manholes are built only at intersecting sewers and at changes in grade. 
Cleanouts are spaced at 200 ft. intervals on all 6 in. and 8 in. sewers. Manhole covers 
and seats are machined to true bearing. The necessity of machining forees the foundry 
to produce a good quality easting. Brick used in manholes should have a low absorption 
per cent in order to resist disintegration. Manhole steps are constructed of cast iron 
The invert of the manhole should be built up as high or possibly a little higher than the 
sewer pipe to avoid flow disturbance. The table should slope toward the invert to a 
degree sufficient to be self cleansing but should not be too steep for safety. Tt is usually 
good practice to extend the edge of the bottom some 6 in. beyond the outer edge ol 
the wall. 

Cleanout manholes are built like standard manholes except that a cleanout wye is 
inserted in the sewer on the down grade side so that the cleanout stack enters the man 
hole about 2 ft. below street level. Sewer rods ean then be inserted from the street 
The wve and stack must be well supported. 

Flush tanks are considered a nuisance and their use has been discontinued in Dallas 

Inlets and Appurtenances. By C. G. Levander, pp. 113-115. A deseription of 
storm water street inlet construction at Dallas, Texas, is given. 

Economies of Sewage Treatment. By W. A. Hardenburgh, pp. 115-119. Three 
important angles of approach to sewage treatment economies are: (1) the money value 
to a community of adequate sewage treatment (2) the method financing sewage treatment 
(3) the comparative eosts of various methods of treatment. 

Biofiltration. By O. V. Lindell, pp. 119-120. “ Biofiltration involves the applica- 
tion of presettled sewage to a trickling filter and the reeirenlation of all or part of the 
filter discharge back to the pre-sedimentation tank.” 

Control of Activated Sludye Plants. By Milton Spiegel, pp. 121-132. The paper 
is opened by a general consideration of the essential features of the activated shidge 
process. The work of Nordell and Kessler in connection with the rate of oxygen demand 
of activated sludge-sewage mixtures is briefly reviewed. 

Control of Activated Sludge Plants. By William Pralle, pp. 132-133. General. 

Correlation of Sampling, Sample Preservation, Sample Composition, Flow Measire 
ment and Analysis. By W. S. Mahlie, pp. 134-138. Topies considered are (1) im 
portance of correct sampling (2) changes in the composition of sewage (3) changes in 
rate of flow (4) changes in flow composition for days of the week (5) composite samples 
(6) method of compositing samples at Fort Worth (7) sampling intervals (8) automatic 
samplers (9) care to be taken in sampling (10) preservation of samples (11) measure- 
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ment of sewage flow. Illustrative examples of sampling and compositing methods are 
evel. 

Stream Pollution from a National Standpoint. By bk. C. Sullivan, pp. 138-139. 
“Reasonably clean streams and other natural bodies of water are essential (1) for the 
prevention of water borne diseases (2) for the conservation of the agricultural, industrial, 
recreational, and aquatic lite resources of waterways; and (3) for the prevention of 
nuisance conditions.” 

The status of domestic and industrial waste disposal is summarized as follows: 


1. The population served by sewers in the U.S. is about 73,174,000, or slightly Tess 
than the total urban population of 73,200,000. 

2. The sewage of about 33,400,000 people, is discharged to natural bodies of water 
without treatment. 

3. The sewage of approximately 39,800,000 people is discharged to receiving bodies 
of water through treatment plants, representing an increase from 31 to 54 per cent in 
the urban population thus served in the period 1933-39 inclusive. 

t, Of 39,800,000 persons served by treatment plants 19,000,000 are tributary to 
plants providing primary treatment only. The remainder are served by more eomplete 
works. In the period 1933-39 the proportion of these municipal wastes receiving only 
primary treatment has decreased whereas plants which provide more complete treatment 
have relatively increased. 

5. Industrial wastes impose on the self-purification capacity of the streams of the 
U.S. an additional burden equal to at least 73 of the load of bacterial and organic polu- 
tion contributed by the domestic population. 


Legal Aspects of Stream Pollution. By George EK. Murphy, pp. 140-142. A review 
of the legal rights of the State of Texas in connection with stream pollution prevention 
is given. In addition to sovereign and statutory powers, the State has inherent powers 
to abate a publie nuisance by injunction. Under the Constitution of the State all rivers 
and streams are designated as natural resources and their preservation and conservation 
are declared by the Constitution to be publie rights and duties. The legislature is in- 
vested with authority to pass such Jaws as may be appropriate thereto. 

What Stream Pollution Means to the Water Works Man. By D. B. Dickson, pp. 
142-143. The diffieultv of continuously furnishing the public clear, odorless and taste- 
less water from a polluted source of supply is discussed. 

Disposal and Treatment of Citrus Fruit Canning Wastes. By C. H. Billings, pp. 
143-146. Experiments have shown that cannery waste can be treated by chemical pre- 
cipitation, employing lime and alum. <A typical treatment unit consists of a self- 
cleaning sereen followed by batch dosing and settling tanks. Minimum lime dosage was 
found to be 4.3 erains per gallon for each 100 p.p.m. of citrous acidity present. The 
acidity of the average waste was about 600 p.p.m. The alum dose was usually of the 
order of 3.5 grains per gallon. This treatment reduced acidity and high solids content 
Int B.O.D. reduetion was only 30 per cent or less. More efficient treatment methods 
were, therefore, sought. Slow sand and sand and gravel combination filters were not 
satisfactory due to clogging. Aeration methods along the lines of activated sludge gave 
better results. Pilot plant studies on contact aeration methods with a two hour reter- 
tion in the aeration tanks gave a B.O.D. reduction of 54 per cent. Initial B.O.D. was 
2,800 p.p.m. 

Trickling filter treatment was also studied on a pilot plant seale. A’ filter having 
a surface area of 2.64 ft. and a depth of 5 ft. was employed. Continuous dosing even at 
rates of less than 1 m.g.a.d. was unsuecesstul. Intermittent application gave good results. 
Various rates ranging from 0.5 to 3.0 M.G.A.D. were tried. Average B.O.D. reduction 
at a vate of 1 M.G.A.D. was 71.9 per cent from an average initial value of 947 p.p.m. 
Mean temperature during the test run was 64° F. 

A careful study of canning operations was made. The findings on the basis of 
1,000 gallons of juice canned are as follows: fruit) wash water, 700° gal., 100° p.p.m. 
B.O.D.; peel bin drippage, 31 gal., 50,000 p.p.m. B.O.D.; waste juice diluted in washing 
down, 100 gal., 4,000 p.p.m. B.O.D.; cooling water, 1,350 gal., 20 ppm. B.O.D.  Com- 
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bined wastes, 2,181 gal., 940 p.p.m. B.O.D. Average small juice plant will ean about 
1,000 gallons per hour. 

Grinding the peel before placing in bins eliminates bin drippage. Reuse of cooling 
water reduces the volume of waste. 

The City’s Sewage Problem and Its Relation to Industry. By Walter Dillar pp. 
146-147. A discussion of industry’s responsibility in stream pollution control. An 
example of cooperation between city, county, state, and industrial officials in studying an 
industrial waste problem is cited. 

Discussion of the City’s Sewage Problem and Its Relation to Industries. By ts. J, 
M. Berg, pp. 147-148. <A review of the problem of industrial waste disposal in relation 
to sewage treatment. 

Treatment Methods for Creamery and Dairy Wastes. By Vernon P. Crockett, pp. 
148-151. The author summarizes this paper as follows: to reduce fluid milk losses in the 
milk plant; to separate the unpolluted or slightly polluted cooling and condenser waters 
and the direct discharge of them to the sewer or stream will reduce the size of the re 
quired plant; and to recover or remove valuable by-products from the waste discharge, 
such as whey, buttermilk, skim milk and drip milk. 

Broad irrigation is recognized as a satisfactory method of disposal under favorable 
conditions. Chemical precipitation is a means of securing clarification but requires 
additional treatment. The biochemical or Guggenheim process offers a treatment that 
is worthy of further consideration, but biological or trickling filters provide the most 
effective unit for the treatment of creamery and dairy wastes in common use today. 

Paper Mill Wastes and Their Treatment. By L. F. Warrick, pp. 151-156. Paper 
pulp is manufactured by four important commercial processes, (1) the groundwood 
process, (2) the sulfite process, (3) the sulfate or kraft process and (4) the soda process. 
The first is a mechanical process, the latter three, chemical. The object of the chemical 
processes is to separate the fibrous material (cellulose) from the non-fibrous material 
(lignin). In any process the wood is prepared by cutting logs into definite lengths and 
removing bark. Sawdust and bark refuse from these operations formerly were dis- 
charged into streams but are now burned in the power plants or otherwise reclaimed. 

Waste water from the groundwood pulping process in some cases contains fibrous 
and extracted material equivalent to 10 per cent of the dry weight of the wood. Good 
mechanical equipment, careful operation and installation of pulp saving equipment, 
however, will reduce such losses to a negligible amount. Pulp fiber does not ordinarily 
accumulate in and clog the gills of fish. However, fibers and other solids may settle to 
the bed of a stream and decompose there, using up oxygen. 

Lime sludge produced in the caustisizing of the cooking liquor in soda and sulfate 
mills was formerly discharged into water courses. The sludge is now either calcined 
for reuse, sold to farmers or made into whiting. 

For many vears there has been no practical method for utilization or disposal of the 
sulfite waste liquor. By-products such as sulfite aleohol, glue, core binder, road binder, 
briquetting material, tanning extracts, ete., have been prepared from sulfite liquor. 
However, a few sulfite mills can supply the entire demand for these materials. The 
deleterious effects of waste sulfite liquor on fish life are largely due to the depletion ol 
oxygen. However, there is evidence that in the case of sulfate pulp wastes a resinous 
component exerts a toxic effect. 

The oxygen demand of the waste sulfite liquor produced per ton of pulp is equiva 
lent to the sanitary sewage from a population of around 1,500 and may be as high as 
5,000 persons per ton of pulp. Groundwood pulp wastes have an average population 
equivalent of 10 persons per ton of pulp. 

The Treatment and Disposal of Oil Ficld Brine. By Joe J. Rody, pp. 156-159. 
Recent court action by the State of Texas against 55 oil companies charging water pol- 
lution from waste salt water has focussed attention upon the problem of oil field brine 
disposal. 

Proper drilling methods, careful bottom hole plugging and cementing of the annular 
space between the outside casing and the drill hole will reduce the intrusion of brine 
into fresh water strata and into the well. However, brine cannot be excluded under all 
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wonditions in spite of all precautions. The quantity of brine produced increases with 
the life of the field. The high mineral content and wide concentration variation is illus- 
trated by the following table showing composition limits of representative brines from 
Kansas, Oklahoma and Texas oil fields. 


Ton P:P ME. 
NNREMNNNN Souete oc le eee SS a eee ew ay eae 600 to 13,000 
AP MMUSOININERN V5 20.27) ots o SNGishe ese a es DOA 230 to 4,000 
BOGiMM ANd HOtAasstUid: ..65:.).. 606 Sse’ 5,000 to 76,000 
COS Oe ae ee 20 to 650 
MRIS aod earch it, apc nb I aeons da NET A trace to 2,500 
ABENEREEEO) ods soc slaurvn Ge aceeatomede eRe ala ck 10,000 to 150,000 
ERO HELE ULELS: cid: be Aicacs seoptiecel sie Baeoe ee ooee LOGUE to 250;600 


Three methods of disposal are being tried. The first consists of impoundment in 
evaporation ponds. However, the net evaporation is too slow to be effective and seepage 
from the ponds is a continuous source of trouble. The second method is that of diver- 
sion into surface streams. This procedure requires a large initial investment and its 
operation depends upon regulated release of brine when dilution ratios are favorable. 
Where adequate storage has not been provided or where the brine discharge has not 
heen carefully controlled this method has not proven satisfactory. The third method 
involves the return of the oil field brine to subsurface formations. In applying this 
method proper loeation of the disposal well and conditioning of the brine are essential. 

Two systems are used for conditioning brine for subsurface injection, the open type 
system and the closed type. The closed type involves complete removal of suspended 
matter and maintenance of the brine under pressure from the time it reaches the sur- 
face until its return underground. The open type which is more widely used involves 
brine separation, aeration, carbonate stabilization, dissolved oxygen reduction and_fil- 
tration. Special attention should be given to the use of corrosion resistant materials in 
pipes, pumps and meters. 

It is impossible to formulate fixed rules for brine disposal. The most feasible plan 
for attacking the problem appears to be to separate the State into drainage basins or 
specitie oil fields and study each area as a unit. These studies should include reports on 
topography, surface drainage conditions, oil well locations, surface and subsurface 
geology, oil and brine production, and analytieal data on brines. Careful studies should 
also be made of private and publie water supplies and stream flows in each area. 
Paut D. Haney 
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